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TOTAL GASTRECTOMY AND 
CONSTRUCTION OF JEJUNAL RESERVOIR 


IN THE TREATMENT OF ADVANCED GASTRIC CANCER 


By MOGENS ANDREASSEN 


Total gastrectomy still finds only limited use 
as a treatment for cancer of the stomach, due 
partly to the high primary mortality and partly 
to the rather pronounced post-gastrectomy dis- 
comfort experienced by about 75 per cent of the 
patients (dumping, anaemia and loss of weight). 


In order to reduce or avoid the discomfort 
following on gastrectomy, several surgeons have 
made use of an intestinal reservoir inserted be- 
tween the oesophagus and duodenum after total 
gastrectomy (for example, Lee 1951, Lon g- 
mire & Beal 1952), and in those cases where 
the capacity of the inserted reservoir has been 
adequate, the post-gastrectomy discomfort has 
been considerably reduced (Nakayama 1956, 
Moreno 1956). 

No report on the use of these methods has been 
found in the available Scandinavian literature, so 
that an account will be given here of an operation 
which has been used since January 1956 in Sur- 
gical Department D of Rigshospital as a palliative 
operation in cases of advanced gastric cancer. 


METHOD 

The operation, which has several points of re- 
semblance to a method published by Moreno 
but not observed until the present operation had 
been in use for some time, is based on the inser- 
tion of a segment of the jejunum between the 
oesophagus and the duodenum. The segment, 
approximately 30—35 cm long, is selected at a 
suitable point of the jejunum and, together with 
its mesentery, led up through an opening in the 
mesocolon into the epigastrium. Here, the jejunal 
piece is folded together and sutured side-to-side, 
thus forming a reservoir with a lumen approxi- 
mately 4 times greater than that of the normal 
From Surgical Department D (Head: Professor E. Hus- 
feldt), Rigshospitalet, University of Copenhagen. 

This work was carried out with the support of the 
Danish Anti-Cancer League (Landsforeningen til 
Kreeftens Beksempelse). 


jejunum, that is to sav, of approximately the same 
size as a normal ventricle lumen. See Fig. 1. 

In the first 6—7 cases the operation was carried 
out through a thoraco-abdominal incision, but in 
subsequent cases exclusively through an abdo- 
minal supra-umbilical longitudinal incision with 
removal of the ziphoid process and in addition 
in most cases with splitting of the lowest part of 
the sternum (Wangensteen’s method). 

Fig. 2 shows X-ray photographs of the ventricle 
taken before the operation, and of the newly 
formed reservoir in the same patient. 

USE AND RESULTS 

Many investigations suggest that the 
five-vear survival in cancer of the stomach (15 
20 per cent of the cases of so-called radical oper- 
ation) is to a large extent due to too little stomach 
tissue being removed, so that the tumour recurs 
locally in the ventricular or duodenal stump in a 
large number of cases. According to investiga- 
tions by Collier et al. 1941, Me Neer et al. 
1951 and Kuyjer 1952, this local recurrence is 
found in approximately 50 per cent of 
while recurrence in the Ivmphatic glands is found 
in approximately 20 per cent of cases and distant 
metastases in only 5 per cent of cases. 

On the other hand, the importance of removing 
as much as possible of the maecroscopic tumour 
tissue in palliative operations has been stressed 
from many sides (among others by Wan ge n- 
steen 1956), as such a procedure can provide 
a considerable degree of improvement in the sub- 
jective condition of the patient, although it cannot 
be expected to prolong the postoperative survival 
period significantly. 

In the hope of being able to reduce the local 
recurrence and at the same time provide the pa- 
tient with a tolerable postoperative course (with- 
out post-gastrectomy discomfort), the operation 
as described has been employed palliatively in 
those cases of gastric cancer where the tumour 
has occupied approximately 2/3 or more of the 
ventricle, so that a partial resection has been 
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Figure 1. 
Lee: Transposition of the ileocoecal region. 
Longmire: Transposition of a jejunal segment. 
Moreno: Transposition of a folded jejunal segment. 
Author’s method: 
3 A jejunal segment of 30—35 cm in length is 
passed through the transverse mesocolon and 
sutured to the oesophagus. 


impossible at even a tolerable distance from the 
macroscopic tumour boundary. In the cases men- 
tioned, macroscopic metastases have also been 
removed from the nearest surroundings of the 
ventricle (lymph glands, fatty tissue, omentum, 
mesocolon, parts of the pancreas); but when 
metastases to the liver have been observed, or a 
diffuse carcinomatosis in the peritoneum, the 


operation has not been carried out, as experience 
shows that such cases have a very short post- 
operative duration of life. 


Different types of substitute pouches after total gastrectomy. 


2—3: The two limbs of the segment are sutured to- 
gether. 

d: Anastomosis between the jejunal segment and 
duodenum is performed. The continuity of the 
small intestine is re-established by end-to-end 
anastomosis. 


48 cases of gastric cancer have been treated in 
the department during the period 1/1 1956— 
1/7 1957, total gastrectomy with reservoir con- 
struction being carried out in 15 of these cases. 
Table 1 gives the results of these operations. 

It will be noted that there is a high primary 
mortality (66 per cent), as 10 of the patients died 
during the postoperative period. 6 patients (No.'s 
3, 7, 11, 12, 13 and 15) died from complications 
which can be directly attributed to the operational 
technique (in one case, necrosis of the jejunal seg- 
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Figure 2. X-ray of stomach before operation (left) and of the jejunal segment (“new stomach”) 3 weeks 
after total gastrectomy (right). 


ment, in 4 cases leakage from the suture lines and 
in one case bleeding from the suture lines), while 
4 patients died from complications which are not 
directly attributable to the operational technique 
(Cases no.’s 4, 5, 6 and 8). 


FOLLOW-UP 

About 3—6 months after the operation, anam- 
nestic and laboratory follow-up with special re- 
ference to post-gastrectomy discomfort was car- 
ried out on the 5 patients discharged. 

None of the patients presented subjective feed- 
ing difficulties, and they could even take meals 
with a high carbohydrate content without dis- 
comfort. 

A determination of the plasma volume (with 
Evans’ blue) was carried out in 3 of the patients 
after administration of 150 ml fructose perorally. 
No subjective symptoms of dumping could hereby 
be produced, nor could any significant fall in the 
plasma volume be demonstrated. 

An increase in weight was found (1—6 kg) in 
4 cases, while in one case there was a weight loss 
of 2 kg. The Hgb. percentage was normal in all 
5 patients. 

Of the 5 patients followed-up, 2 died from meta- 
stases 10 and 12 months respectively after the 
operation (Nos 2 and 9). 

3 patients are alive 16 months, 10 months and 
4 months respectively after the operation, and are 
in good health. 


CONCLUSION 

Total gastrectomy with a jejunal reservoir ac- 
cording to the method given by the author has, 
in the present material, a high mortality (66 per 
cent), partly owing to technical difficulties and, 
presumably, partly owing to the weakened general 
condition of patients with advanced gastric can- 
cer, which usually persists in spite of prolonged 
preoperative treatment. Further investigations 
must establish whether the technical difficul- 
ties, and in particular, the weakened general con- 
dition can be overcome to such a degree that the 
mortality can be reduced. 

No post-gastrectomy discomfort was demon- 
strated in the follow-up in the 5 patients who 
were discharged. 

The field of indication for the operation com- 
prises the advanced cases of cancer where the 
spread in the ventricle is so great that a partial 
resection cannot be carried out. The possible 
significance of the operation in the palliative 
surgery of gastric cancer can hardly be deduced 
from the material presented here, but possibly 
from investigations covering a larger material, 
observed over a longer period. Such investiga- 
tions are in progress. 


Literature: 

Collier, F. A, E. B. Kay & Melntyre: Arch. Surg. 1941, 
43: 748. 

Kuyjer, P. J.: Arch. Chir. Neerl. 1952, 4: 255. 














204 DANISH MEDICAL BULLETIN Vol 4 no 7 
Table 1. 
The Material. 
n Tumour spread in Macroscopic N 
No. Sex Age the ventricle: metastases: Postoperative course : 
ei Na { rd RE : e 
B. M. 53 2/3, lesser Lymph glands Discharged in good health 
curvature 
3. M. 64 ‚… lesser do. Discharged in good health 
curvature + invasion of 
hepatic arterv 
s. M. 65 4. lesser Lyvmph glands Died 14 days after operation. 
curvature Leakage at suture lines 
â. M. 49 2/3, lesser do. Died 4 weeks after operation 
curvature Rupture of wound and uraemia. (Patient had 
syringomyelia) 
5. M. 52 Resection of ven- do. Died 3 days after operation 
tricle one vear Embolism of pulmonary artery 
previously for 
ancer; now eX- 
tensive recur- 
rence 
6. M. 78 3/4, lesser do. Died 4 days after operation 
curvature Cardiac insufficiency. Pulmonary atelectasis 
E. M. 65 2/3, lesser do. Died 4 days after operation 
curvature Leakage at suture lines 
8. F. 50 2/3, lesser do. Died 12 weeks after primary operation from 
curvature + invasion of | fistula of gall bladder and intestinal fistula after 
common bile duct | attempt at choledocho-enterostomy 
9. M. 54 Fundus, extend- ' Lvmph glands Discharged in good health 
ing past angular 
notch 
10. FP. 68 Ulcerative infil- , None Discharged in good health 
XX trated process 
high up on lesser 
curvature 
Et. M. „2 2/3, lesser Lvmph glands Died 4 days after operation 
curvature Haemorrhage from suture lines 
12 M. 55 Fundus to down do. Died 4 weeks after operation 
past angular invasion of | Leakage at suture lines 
notch diaphragm 
13 M. 60 4, lesser Lvmph glands Died 4 days after operation 
curvature Leakage from suture lines 
14 M. 57 2/3, lesser do. Discharged in good health 
curvature invasion of 
(previous resect- | pancreas 
ion for ulcer) 
15. P. 53 2/3, lesser Lvmph glands Died 7 weeks after operation 
| curvature Necrosis of jejunal segment 
NX Case No. 10:on operation a large ulcerative infiltration was found which macroscopicallyv re- 
sembled cancer. No macroscopic metastases were found. Microscopy showed ulcer without 
signs of malignancy. 
Lee, C. M.: Surg. Gvnec. Obst. 1951, 92: 456. 1949, Supplem. 234: 241. 
Longmire, W. P. & J. M. Beal: Ann. Surg. 1952, 135: Moreno, A. H.: Ann. Surg. 1956, 14%: 779. 
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TRANSVERSE COLON AS A SUBSTITUTE 
TOTAL GASTRECTOMY FOR CANCER 


FOLLOWING 


FOR THE STOMACH 


By A. ZACHO and B. SKIELBOE 


Total gastrectomy, a few decades ago regarded 
as a formidable intervention, is coming into ever 
increasing use in the treatment of gastric ma- 
lignancies. 

Despite the great advances of recent vears in 
major surgery, it is, however, still a serious pro- 
cedure, not only because of the immediate oper- 
ative risk, but also due to the sequelae caused by 
the loss of gastric function. Consequentlv, it is 
onlv justified on vital indication, meaning almost 
exclusively extensive carcinoma in the stomach. 
Even in such advanced cases, however, total 
gastrectomy should be done only if the operation 
cannot be sufficiently radical with preservation 
of a small portion of the stomach. 

After removal of the stomach, the continuity 
of the alimentary tract has to be restored. Direct 
oesophago-duodenostomy would be the easiest 
wav, but as a rule the oesophagus and duodenum 
cannot meet, if the operation has been sufficientlv 
radical. The usual procedure, therefore, has been 
anastomosis of the oesophagus to the jejunum, 
end-to-side or end-to-end. This method, however, 
has the disadvantage of deviating the food away 
from the duodenum and from the important di- 
gestive processes which it undergoes in that part 
of the intestine. 

From a physiological point of view a better 
method is to interpose a segment of the intestine 
between the oesophagus and duodenum. Either 
the small intestine or the colon may be used for 
this purpose. The latter has the advantage of 
being wider and thus affording a better substitute 
for the stomach as a reservoir. 

Hunnicutt (1, 2) has used the right half 
of the colon and the terminal ileum. The latter 
was anastomosed to the oesophagus, and the anal 
part of the colonic segment to the duodenal stump. 
This is, however, an extensive and complicated 
procedure involving a rather high mortalitv. 

It is much simpler to use a segment of the 
transverse colon, since this part of the colon 
presents itself in the operative field with the 
usual thoraco-abdominal appreach. In 1951, 
State, Barclay & Kelly (5) published a 
case operated upon according to this principle. 
Other cases have been reported by Morone yv 
(4), Watkins et al. (6), Keshishian ct 
al. (3) and others. The average mortality has 
been rather high, and some of the patients have 
had postoperative complaints, such as abdominal 


From the Finsen Institute, Copenhagen, Department 


of Surgery (Head: A. Zacho 


colics after meals and a tendeney to regurgita- 
tions to the oesophagus. These symptoms, which 
appear to subside gradually, may be due to the 
antiperistaltic insertion of the colonic segment. 
In the Surgical Department of the Finsen In- 
stitute, Copenhagen, we have recently performed 
t operations of this tvpe, but in our cases with 
isoperistaltic anastomosis, i.e. the colonic seg- 
ment is turned about 180° before the anastomosis 
is done. To illustrate this technique, which is 
thought to counteract regurgitation to the oeso- 
phagus, the first case will be reported below: 


CASE REPORT 

1. Male, aged 34, admitted on July 9, 1956. Had 
been in good health until about 8 months ago, when 
he began to notice fatigue, slight epigastric pain after 
meals, and decreasing appetite. Weight loss about 
20 kg. 

On admission, the general condition appeared to 
be fairly good, weight just below normal. X-rays in- 
dicated a large tumour in the bodv of the stomach. 

On July 20, resection of the oesophagus, total 
gastrectomy, omentectomy, splenectomy, resection of 
the pancreas, resection of the transverse colon, and 
oesophago-colo-duodenostomy by the thoraco-abdomi- 
nal approach under ether-pentothal-d-tubo-curarine 
anaesthesia. Incision along the 8th rib which was 
resected. Later, the incision was extented into the 
abdomen, through the costal margin. The diaphragm 
was cut radiallv. Almost the entire stomach was in- 
volved by a large tumour, extending from 1 cm below 
the cardia to about 4 cm from the pylorus. Numerous 
enlarged Ivmph nodes palpable around the 
cardia, around the left gastric artery, along the uppet 
margin of the pancreas, and in the hepato-duodenal 


were 


ligament. In addition, cancerous infiltration in the 
gastro-splenie ligament. No visible or palpable meta- 
stases in the liver. 

After cutting the inferior pulmonary ligament close 
to the lung, the lower part of the oesophagus was 
isolated together with the perioesophageal fat and 
Ivmph nodes. The part of the diaphragm around the 
hiatus was excised. The spleen and the tail of the 
pancreas were mobilized anteriorly together with the 
retroperitoneal fat and Ivmph nodes. The greater 
omentum was detached from the transverse colon with 
the peritoneum on the upper side of the transversc 
mesocolon. The lesser omentum was divided close to 
the liver, right down to the porta hepatis, and the 
upper portion of the hepato-duodenal ligament was 
cleared of fat and Iymph nodes. The proximal part 
of the duodenum was isolated and divided 1 em distal 
to the pylorus. The final dissection of the posterior 
wall of the abdomen was completed, including fat 
and Ivmph nodes around the left gastrie artery and 
vein. These vessels and the splenic artery and vein 


were ligated and cut. The panereas was reseected as 
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Fig. 1. 


Schematic illustration of the extent of the operation. 
Localization of tumour visualized by irregular line. 
Borderlines of dissection and resection indicated 
by a broken line. 





Fig. 3. 
X-ray of stomach before operation. 





Fig. 2. 
Interposed segment of transverse colon at the end 
of the operation. The corresponding part of the 
mesocolon has been twisted about 180°. 





Fig. 4. 
X-ray of interposed segment of transverse colon 
about 6 months after the operation. 
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close to the right of the body as possible. The oeso- 
phagus was cut 4 cm proximal to the cardia. 

As usual, we aimed at an end-to-end anastomosis 
of the oesophagus with the jejunum, but the mesen- 
tery of the small intestine proved to be shrunken 
centrally and full of calcified Iymph nodes. More- 
over, the arcades were close to the root of the mesen- 
tery. Thus, dissection for a Roux anastomosis would 
be very difficult, and it was decided to use the trans- 
verse colon, interposing it between the oesophagus 
and duodenum. An approximately 18 cm long part of 
the transverse colon with at least 2 arteries and 3 
veins was selected. After closing the colonic segment 
with Petz’ clamps, it was cut proximally and distally. 
The proximal end of the segment was invaginated 
with interrupted silk sutures. The corresponding 
mesocolon was twisted 180°, and the oesophagus 
anastomosed end-to-side to the convexity of the 
proximal end of the colonic segment, the duodenal 
stump end-to-end to its distal end. Finally, the re- 
maining part of the transverse colon was re-united 
end-to-end after mobilization of the flexures. Closure 
of the wound in the usual way. 

Histological examination: Mucoid carcinoma of the 
stomach. Metastases to all regional Iymph nodes 
examined. 

On the 6th postoperative day, after having had a 
large meal, the patient had severe pain in the upper 
abdomen. The pain was relieved after aspiration with 
a gastric tube. Otherwise, the postoperative course 
was uneventful, and the patient was discharged 17 
davs after the operation in good condition. 

Follow-up at the end of 6 months: Feeling well. 
Fairly good appetite. Gets hungry and satiated as 
before the operation, but cannot eat so much at a time. 
No complaints of indigestion. Only slight epigastric 
discomfort after heavy meals, but this subsides on 
Iving down. No regurgitation or dumping symptoms. 
The patient had gained 4 kg since his discharge, and 
was now planning to go back to work as a sailor. 
Haemoglobin: 96/97 per cent. X-rays: Good passage 
through the anastomoses. Five hours after the meal, 
the barium was visible in the caecum. 


Another three patients have later been operated 
upon by the same method. All of them had exten- 
sive gastric carcinomas. In one case the left 
lobe of the liver had to be removed as well, and 
in another case a part of this lobe. Our last 
patient had numerous metastases to the Iymph 
nodes in the upper part of the abdomen, so in 
this case the operation can only be a palliative 
measure. 


DISCUSSION 
The interposition of the transverse colon be- 
tween the oesophagus and the duodenum does 
not involve more technical difficulties than do 
other current methods. This does not applv, of 


course, to the direct anastomosis between the 
oesophagus and the duodenum which is by far 
the quickest and simplest operation, but in cases 
indicating total gastrectomy it can seldom be 
sufficiently radical. 

As for complications which may possibly be 
ascribed to the present technique, one of the 
patients developed an intestinal fistula, presum- 
ably to the posterior aspect of the anastomosis 
to the duodenum, which in this case had been 
very brittle, tending to tear even during the 
operation. The fistula gradually closed spontane- 
ously. In addition, the pain due to overfilling de- 
scribed in the case history has to be mentioned 
in this connection. No patient has had any 
symptoms of regurgitation, and on the whole the 
postoperative course has been fairly smooth 
considering the poor condition of some of the 
patients. There has been no primary mortality. 

Nothing can as vet be said about the end results. 
The continuity of the alimentary tract has been 
re-established, however, in a way as to conduct 
the food by the usual route through the duodenum, 
so that it is exposed to bile, pancreatic and duo- 
denal juice at the normal site. Since, moreover, 
the interposed segment of the transverse colon 
appears to be able to act to a certain extent as 
a reservoir, it seems reasonable to believe that 
the patients have a fair chance of maintaining 
a reasonably good nutritional status, provided 
that recurrences or metastases do not occur. 


SUMMARY 

Total gastrectomy was performed in four cases 
of extensive gastric carcinoma. The stomach was 
replaced by a segment of the transverse colon, 
interposed in an isoperistaltic fashion between 
the oesophagus and duodenum. The primary re- 
sults are promising and there has been no oper- 
ative mortality. 


References: 
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INVESTIGATIONS CONCERNING THE PATHOGENESIS OF 
THE DUMPING SYNDROME 
ANNOTATION 
By E. AMDRUP and J. BALSLEV JORGENSEN 


The discomforts experienced in connection with 
mealtimes by certain patients who have undergone 
gastric resection constitute a fascinating problem. 
A great number of authors have speculated about 
the causes of these complications, and numerous 
experiments have been carried out to illustrate 
the releasing mechanism of the symptoms. 

As vet there is no agreement concerning the 
patho-physiological basis of the complaints. In 
previous works, we have attempted to contribute 
to the understanding of some of the problems of 
the dumping syndrome (2, 3, 4, 5). A brief account 
of our results will be presented in the following. 

Kathleen Roberts et alii recorded in 
1954 (6) that thev had demonstrated a significant 
fall in the circulating plasma volume during 
dumping attacks provoked by oral administration 
of 50 per cent glucose solution. We regard this 
communication as being one of the most signifi- 
cant available on the present subject and have 
built up our investigations on a basis of the expe- 
rience of these authors. 

Roberts’ experiment was reproduced on in- 
dividuals who had undergone gastric resection. 
Evans’ blue dve (T 1824) was first injected intra- 
venouslv and bv means of regular determinations 
of the concentration, the normal elimination 
curve in the experimental individuals was deter- 
mined. The values for the plasma volume corre- 
sponding to this constituted a slightly ascending, 
fairly straight line. The patients then drank 150 
ml 50 per cent glucose in a sitting position. 

Frequent blood samples were taken for plasma 
volume determinations and the clinical conditions 
were observed. 

We found, in agreement with Roberts and 
her co-workers, that variations in the circulating 
plasma volume occurred following consumption 
of hypertonic glucose solution. Simultaneous 
with severe typical dumping svmptoms, a mas- 
sive fall (of the order of one litre) in the circulat- 
ing plasma volume was constantly found. Less 
pronounced symptoms were accompanied bv a 
lesser or dubious reduction of the plasma volume. 
Individuals who were entirely symptom-free and 
patients with symptems other than those of dump- 
ing (pain and vomiting) showed sometimes mod- 
erate reduction of the plasma volume (of the 
order of 200-300 ml) but occasionally, increase 
of the plasma volume after ingestion of the hyper- 
tonic sugar solution could be demonstrated in 
these patients. 


From Department TI, The Municipal Hospital, Copen- 


hagen. 
Head: Professor Otto Mikkelsen. 


The problem then became: what is the cause of 
these variations of the plasma volume. To illus- 
trate the significance of the emptving of the stom- 
ach we repeated the experiments in 6 patients. 
These patients had experienced severe tvpical 
attacks of dumping in the sitting position. In the 
new experimental series the patients were Iving 
horizontally during the entire period of the ex- 
periment. It now appeared that in 3 of them no 
symptoms developed, and no reduction of the 
plasma volume could be demonstrated after inges- 
tion of glucose. The 3 other patients developed 
svmptoms, but they developed after a delav of half 
an hour, and the onset of the reduction of the 
plasma volume and its maximum were corre- 
spondingly delaved. 

From this the conclusion was drawn that the 
dumping symptoms are not released until the 
hypertonic solution flows into the jejunum. This 
presumption is supported by the observation that 
tvpical dumping attacks may be released bv the 
introduction of hypertonic solution directly into 
the jejunum (via jejunostomy). 

Clinical observation during the experiments 
rendered the following information: Great varia- 
tions were observed in the tolerance exhibited 
bv the patients for the hvypertonic solution. Some 
patients tolerated this with no or only negligible 
complaints while others became verv ill. In this 
latter group, two totally different clinical pic- 
tures could be clearly discerned: 

1. Dumping symptoms with subjective com- 
plaints of severe weakness and fatigue together 
with diffuse distension of the abdomen with rest- 
lessness and rumbling. Objectivelv, these patients 
were characterized bv lethargy, dehvdration and 
marked borborygmi. The attack lasted, as a rule, 
for an hour with a maximum after approximately 
20 minutes. 

2. “Symptoms of the small stomach”: Whereas 
the dumping syndrome was characterized by 
general symptoms, this symptom complex was 
dominated by complaints from the gastric stump: 
violent sensation of tense bursting distension 
under the left rib margin, steadily increasing from 
1 to 2 hours and frequently terminating with vom- 
iting. Objectively, these patients appeared to be 
in pain but not lethargie or dehydrated. No 
clinical signs of increased intestinal peristalsis 
were observed. 

The very varving tolerance for hvypertonic 
solutions and the different symptomatology in 
the patients who became ill during the test can 
only be explained by different treatment of the 
solution administered. Clinically, the signs of in- 
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creased intestinal peristalsis in patients suffering 
from the dumping syndrome were not doubted 
and we, therefore, considered that the symptoma- 
tology might depend upon the intensity of the 
peristalsis released in the small intestine. 

Further investigations were undertaken to 
study whether the rate of spread of the solu- 
tion in the small intestine might cause differences 
which might explain why a great reduction in 
plasma volume occurred in some patients after 
ingestion of concentrated glucose, while other pa- 
tients who had undergone gastric resection show- 
ed less reduction of plasma volume or no reduction 
at all. A series of animal experiments were there- 
fore undertaken in which hypertonic glucose solu- 
tion was introduced into rabbit intestine in situ. 

Abbott and his co-workers (1) and other 
research workers have demonstrated that a hyper- 
tonic glucose solution increases in volume after 
introduction into the small intestine, and simul- 
taneously its concentration falls until a concen- 
tration isotonic with that of the tissue fluids is 
reached. 

From our animal experiments it appeared that 
the greater the segment of the small intestine in 
which the hypertonic solution spread, the greater 
was the increase of volume demonstrated. Five ml 
of 50 per cent glucose in a closed 20 cm loop of 
jejunum increased in volume to 8—10 ml in the 
course of 15 minutes, while the same quantity of 
50 per cent glucose in the same period increased 
to more than six times the original volume when 
spreading in a jejunal loop of approximately one 
meter in length. 

Based upon these clinical and experimental 
observations, we developed the following theory 
concerning the discomforts in relation to meal- 
times experienced by patients who have under- 
gone gastric resection: The nature and severity 
of the symptoms depend upon the intensity of 
peristalsis in the small intestine released by the 
flow of the hypertonic material from the gastric 
stump into the jejunum. 

Particularly strong peristalsis causes a rapid 
emptying of the gastric stump and spreading of 
its contents over the greater part of the small 
intestine. Great quantities of fluid are secreted 
into the lumen of the intestine to dilute the hyper- 
tonic solution, the plasma volume falls and the 
patient becomes dehydrated. The reduction in the 
plasma volume is responsible for the pronounced 
weakness and the accumulation of fluid in the 
intestine for the sensation of distension of the 
abdomen. 

When the intestinal peristalsis is less violent, 
the emptying of the stomach and spread of the 
hypertonic material in the small intestine become 
slower, the secretion of fluid diminishes and does 
not, or only to a slight extent, influence the plasma 
volume, and no or only moderate dumping symp- 
toms develop. 


In agreement with this, the transitions in tol- 
erance for hypertonic foods in patients who have 
undergone gastric resection are gradual: from 
entirely symptom-free individuals to patients 
with severe dumping symptoms. 

It was mentioned that in some individuals who 
have undergone gastric resection and who develop 
no dumping symptoms, an increase in plasma 
volume may be observed following the ingestion 
of hypertonic glucose solution. The following 
theoretical explanation of this phenomenon may 
be propounded: 

In order to grasp these conditions it must 
constantly be borne in mind that a continual fluid 
exchange takes place to eliminate differences in 
the osmotic concentration. This fluid exchange 
takes place, by and large, between three phases: 
blood, tissues and the lumen of the intestine. In 
patients suffering from the dumping syndrome 
and in whom distribution of the hypertonic ma- 
terial in the lumen of the intestine occurs rapidly, 
large quantities of fluid diffuse from the blood 
into the lumen of the intestine. The difference in 
concentration between blood and tissues is eli- 
minated by simultaneous transfer of fluid from 
tissue to blood, and this explains the marked de- 
hydration during dumping attacks. If the distribu- 
tion in the jejunum is slower, the diffusion of 
fluid from the blood into the lumen of the intes- 
tine is considerably less. Under this condition, 
resorption of glucose plays a significantly greater 
rôle in the process of dilution. The blood sugar 
concentration and with this the osmotic concen- 
tration of the blood increases and fluid diffuses 
from the tissues to the blood. If the transfer of 
fluid from the tissues to the blood exceeds the 
quantity which is transferred from the blood to 
the lumen of the intestine, the plasma volume 
will increase. 

We performed isolated experiments to illustrate 
this latter hypothesis. The plasma volume was 
determined by the same method as mentioned 
previously but after intravenous injection of 100 
ml 50 per cent glucose solution. An increase in 
plasma volume was hereby observed together 
with an increase in the blood sugar concentration. 
This finding supports the above theoretical de- 
liberations. 
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THE LEWIS BLOOD GROUP Les IN ADULTS 


By KELL JORDAL 


In a previous paper (15), the author reported 
the result of Lewis blood group determinations 
with anti-Lea, anti-Leb, and anti-X on Danish 
children. The present paper reports the continu- 
ation of this study, on the Lewis factor Lea in 
Danish adults, and a subsequent paper will bring 
the result of an anti-Leb and anti-X study accom- 
panied by a series of Danish families tested with 
anti-Lea, anti-Leb, and anti-X. 


TEST SERUM AND TECHNIQUE 

All the Lea determinations were carried out 
with the same anti-Lea serum called “Je”. This 
serum was detected in a blood sample from a 
woman involved in a paternity case. On this 
occasion a blood sample was sent to the Institute 
of Forensic Medicine, Copenhagen, in 1948, and 
the routine test of sera for antibodies revealed a 
strong anti-Lea. At that time about one vear had 
elapsed from her confinement. She had not pre- 
viously been pregnant and particularly had not 
had any abortions. The pregnancy and parturition 
had been without complications. The baby — a 
girl — had not exhibited any signs of haemolytic 
disease of the newborn and had developed quite 
normally. The mother had never suffered from 
any serious disease. She had never received a 
blood transfusion or been treated by injection of 
blood. The antibody in question has not shown 
any loss of activity since it was first discovered 
in 1948, It is of interest that a second pregnancy, 
4 vears after the first one and with the same 
father, did not give rise to any increase or any 
change at all in the titre of the antibody. The 
second pregnancy and parturition were also with- 
out complications, and baby No. 2 was also healthy 
without signs of haemolytic disease of the new- 
born. 

The mother’s blood group is: A‚B Le(a-b-)X-. 
The titre of the serum at room temperature is 1:16, 
somewhat weaker at 37° GC, at which temperature 
there was also usually marked haemolysis of the 
blood cells. The serum does not contain any dis- 
turbing antibodies. It has proved extremely stable 
in the frozen state at —20° C, at which it has 
preserved its titre almost unchanged for several 
vears. The serum was a saline agglutinin. Addition 
of fresh plasma or albumin has not altered the 
strength of the reactions, and experiments with 


From the University Institute of Forensic Medicine, 
Copenhagen. 
Director: Professor Knud Sand. 


trypsinized red cells have not vielded stronger 
reactions. 

The procedure of studying the blood samples 
was as follows: A blood cell suspension is made 
in 0.9 per cent saline solution, strength about 
5 per cent. As a rule, the blood cells were not 
washed. The slide technique was used, one drop 
of test serum first being placed on a glass slide 
and then one drop of the blood cell suspension 
on top of it. After careful stirring in the drop, 
which gives effective mixture of the test serum 
and the blood cells, the glass slide with the drops 
is placed in a moist chamber to prevent drying 
of the reactions. The moist chamber consists of 
a wooden box with a glass lid in which the glass 
slides can be placed in a frame. In the box the 
air is kept humid by injecting some water. into 
the bottom. The box with the glass lid may now be 
tilted back and forth while the reactions are ob- 
served. The wooden box with the reactions is 
left to stand at room temperature, tilted about 
every 5 minutes, and the results are read at the end 
of 20 minutes with the naked eve. A positive reac- 
tion manifests itself in a distinct, fairly coarse 
agglutination, a negative reaction in lacking 
agglutination. In case of doubt, microscopic ex- 
amination with low-power magnification will 
reveal whether or not rouleau formation is pres- 
ent. During one period, the precipitin tube meth- 
od was used as well, but as the reactions did not 
appear more reliable, the slide technique was 
preferred, elthough presumably it involves the 
use of a somewhat larger quantity of test serum. 
Only definitely positive reactions are designated 
as positive, there being often weak, apparently 
positive reactions which disappear upon careful 
tilting of the slides. Occasionally, weak positive 
reactions are observed in individuals of group 
Le (a—b+). Some investigators have interpreted 
this phenomenon as the occurrence of anti-Leb 
in the anti-Lea serum concerned (Miller et al.) 
(21), but according to recent findings it rather 
indicates heterozygous individuals of genotype 
LealLeb (9). 

Some authors (Brendemoen, Grubb & 
Morgan (6, 10)) have reported that repeated 
washing of the blood cells in isotonic saline 
solution will remove Lela+) from the surface 
of the blood cells, but this could not be confirmed 
by investigations of washed as well as unwashed 
blood cells. 

Another peculiarity of the Lea reaction is worth 
pointing out. In order to obtain reliable reactions, 
it is essential to use fresh blood cells, as the posi- 
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tive reactions are distinctly weakened the older 
the blood cells are. Marked weakening of the 
reaction has been found, for instance, in blood 
samples stored at 4° C for 14 days. 

ABO groupings were carried out by the method 
in current use at the University Institute of Foren- 
sic Medicine, Copenhagen, í. e., with strong anti-A 
and anti-B sera as well as “back-tvping” of sera 
with known test blood cells. A;A2 groupings were 
carried out with an absorbed anti-A serum (ab- 
sorbed with A3 red cells). MN groupings were 
performed with purified, absorbed rabbit sera as 
used in medicolegal investigations. P groupings 
were carried out by Henningsen according 
to the method described by him (14). Rhesus 
groupings were in most cases carried out bv 
Lyndrup (20) using anti-C and anti-D sera. 


MATERIAL 


The material comprises in part 5,208 blood 
samples from unrelated adult men and women 
and in part blood samples from 188 families with 
their 482 children. The study of the 5,208 blood 
samples will be reported first. 

All the samples were derived from men and 
women whose blood was examined in the 
University Institute in connection with paternity 
cases. They represent persons from Copenhagen 
as well as from other parts of Denmark, as some 
of the specimens were drawn in the Institute 
of Forensic Medicine (from persones with domicile 
in Copenhagen), whereas the remainder were 
drawn by doctors in other parts except Copen- 
hagen). The great majority of the samples were 
obtained by venipuncture, a few by capillar 
puncture of the ear, and no anticoagulants were 
added. All specimens which showed signs of being 
too old — putrefaction, haemolysis or the like — 
were discarded. Although the material cannot be 
called unselected, being derived from paternitv 
cases, it seems justified to consider it unselected 
with regard to the distribution of blood groups. 
This is also indicated by the fact that the ABO 
frequency in this material corresponds to that 
found by a study of 7,122 men at the Institute 
of Forensic Medicine in 1956 (18). (O = 41 per 
cent, A = 45 per cent, B = 10 per cent, and AB —= 
4 per cent). From the Blood Bank of the Bispe- 
bjerg Hospital similar results have been reported 
as to ABO frequency in 14,304 healthy donors from 


Copenhagen: O —= 40.6 per cent, A = 44 per cent, 
B = 10.9 per cent, and AB = 4.5 per cent (3). 


RESULTS 

Relation to Sex. In order to ascertain whether 
a relationship might exist between Le(a+) and 
sex, the material was grouped according to sex. 
Out of the 5,208 blood samples 3,070 were from 
men, whereas the remainder, 2,138, were from 
women. The male preponderance is due to the 
fact that in many paternity cases more than one 
man is involved. The distribution may be seen 
from Table 1. 








Table 1. 
Distribution of material according to sex. 
ge ever 2 2 
Sex Number Le(a+) % Lela+) X 
wer 3070 530 17.26 0.37 
U atoshe 2138 392 18.33 % 0.63 
5208 922 17.70 1.00 





0.95 >p >0.1 


This shows that there is no evidence of a de- 
pendence upon sex. 

Relation to A‚A2BO System. As already men- 
tioned, ABO and A;Az grouping was performed on 
all specimens. Table 2 gives the results of these 
groupings set out together with the Lela) and 
Lela—) reactions. It will be seen that there is 
no relationship between ABO group and Le(a+). 
Similar studies from England, Norway, France, 
and Australia have given the same results (Race 
et al, Brendemoen, Salmon & Malasse- 
net, Simmonds & Jakobowicz) (24). 


Relation to MN System. All blood samples were 
tested with anti-M and anti-N sera according to 
the method used in medico-legal cases at the In- 
stitute. Comparison of the MN frequencies with 
the Lela) frequency did not show any mutual 
dependence, as is evident from Table 3. 


Table 3. 
Distribution of material according to MN type. 








MN type Number ®%of mat. Le(a-) Le(a+) Lei 4-3 
MN . 2587 497% 2133 454 17.55% 
En, 1513 290% 1237 276 18.24% 
D 1108 _ 213% 916 _ 192 17.339 


Total … 5208 100.0 % 4286 922 





Table 2. 
Distribution of material according to ABO group. 





Le(a+) 














ABO type Number % of mat. Le(a-) % Lelat) A;tAs & A,B+ AB 

nn nn 2230 42.89 1843 387 17.35% 

Ne Veken 1764 33.9 % 1464 300 17.00 % pap. 
Te: 475 91% 374 101 21.26 % nn 
en 523 10.0% 426 97 18.57 % 

BE: 160 3.1 % 137 23 14.38 % 11.139 

4 SE 56 1.1% 42 14 25.00 % wals 
amen 5208 4286 922 











212 DANISH MEDICAL BULLETIN 


Vol 4 no 7 





The MN frequencies correspond to what has 
been shown by Gürtler (cited in 18) in a ma- 
terial of 7,122 blood samples from men represent- 
ing all parts of Denmark and tested at the Insti- 
tute of Forensic Medicine. He found the following 
frequencies: M —= 28 per cent, N = 22 per cent, 
and MN = 50 per cent. 

Relation Between Rh and Le(a+). In a previous 
paper Jordal&Lyndrup (17) reported the 
result of testing blood samples from 1,000 mothers, 
selected at random, with anti-D, anti-C, and anti- 
Lea, The result will be given in Table 4: 


Table 4. 
Lea group and Rh groups (CD) of 1000 mothers. 














Rh type Number Rh % Lela-) Lela+) Led +) 
C+ D+ 652 652% 532 120 184% 
Gn D4 161 161% 131 30 18,6% 
C+ B 15 1.5% 13 2 133% 
Oben: Ween 172 172% 137 35 203% 
Total 1000 813 187 18.7% 





The high per cent deviation from the average 
value for Lela) within group C+D— is not 
statistically significant, so there is also no rela- 
tion between the Rh factors C and D on the one 
hand and Lela) on the other. 

Relation Between the P system and Lef{a+). On 
some of the bloods included in the present ma- 
terials, Henningsen made P groupings ac- 
cording to his own technique (14). These blood 
samples which numbered 1,019 in all, were de- 
rived from adult men and women, chosen at ran- 
dom. The frequencies are set out in Table 5: 


Table 5. 
Lea group and P group of a fraction of the material. 











P tvpe Number P ®% Lela-) Letat) nj … +) 
P+ 806 79.1 % 651 155 19.23 % 
P— 213 20.9 % 167 46 21.59 % 
Total 1019 100.0 % 818 201 19.72 % 





Nor could any relationship be demonstrated 
between the P system and Le(a+). 

At the time of these investigations there was no 
possibility of investigating the frequency of 
Lela) in relation to the most recently dis- 
covered blood group systems. In this connection, 
however, it may be pointed out that in a Danish 
material Mohr (22) has demonstrated linkage 
between Lela+) and Lu (a+). 

The materials in the present series were not 
studied with respect to possible linkage. 


HEREDITY OF LE(a+) 


Before reporting the heredity of Lela) in a 
series of Danish families, it seems appropriate 
briefly to recapitulate some previous consider- 
ations regarding this question. 

In his original report on the Lewis blood group 
Mourant (23) assumed that Lela+) was an 


inherited character. Having observed that at least 
one of the parents of an Le(a+) child was also 
Lela), he assumed that it was a dominant rather 
than a recessive Mendelian character. When A n- 
dresen (4) demonstrated that parents who 
were Le(a—) might have an Lela+) child, he 
advanced the theory that Lela+) was a recessive 
character, that is when occurring in adults, since 
Lela+), as previously shown (15), occurred as 
a dominant character in children under 2 years 
of age. 

Since all blood group factors within the other 
known blood group systems are inherited as reg- 
ular dominant characters, many authors have 
doubted the correctness of An dresen’s theory, 
and there have been many other suggestions and 
hypotheses regarding the heredity of Lela+). 

Mohr (22) has suggested that the apparently 
recessive heredity may simply be ascribed to a 
dosage effect of the Lea gene. The relatively weak 
Lewis sera may react with the homozygous 
Lela+) with their strong antigen, while generally 
they cannot react with the usually weaker antigens 
of the heterozygotes. Mo h r suggested absorption 
experiments with the purpose of disclosing the 
heterozygotes, but a priori he doubted the value 
of such experiments owing to the low titre of 
Lewis sera. 

Race & Sanger (24) have reported the 
theoretical calculations of the genotype and 
phenotype frequencies on the theory of Le(a+) 
as a recessive character. In 348 British families 
with 769 children they found good conformity 
between the computed and observed frequencies. 
The same authors performed calculations of the 
Danish family study reported by Andresen, 
Andersen, Jordal & Henningsen (5) 
which consisted of 71 families with 180 children. 
After certain corrections for children under 2 
years of age, they found good conformity between 
the observed and computed frequencies. 

In his studies on linkage between the blood 
group systems, Mohr (22) tested 65 Danish 
families with regard to Lela). These 65 families 
had a total of 299 children. Mohr found a pre- 
ponderance of Lela+) children in Lela) 
Lela—) and in Lela—) > Le(a—)marriages. 
(2 = 5.98 for 2 degrees of freedom, i.e, a sig- 
nificant deviation at the 5 per cent level). Mohr 
suggested that this might be a case of penetrance 
of the Lea gene in some of the heterozygotes, 
which were thus phenotypically Lela+) and 
therefore erroneously grouped as homozygotes. 

(Another possible explanation is that a large 
proportion of Mohr'’s series is derived from 
families tainted with hereditary diseases. His 
material is, therefore, perhaps not quite unselected 
and therefore not homogeneous). 








Present Family Material. 


Blood samples from 188 families with 482 
children were tested. None of the families were 
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Le(a-) 








Leta +) 

Non- Non- 8 
secr. Secr. secr. Secr. 
Grubb (1948) (Il) ………… 2 0 1 a 
Grubb & Morgan (1949) (10) 57 Li 2 163 
Race et al. (1949) (25).... 48 0 1 123 
Andresen et al. (1950) (5).. 36 0 1 105 
Simmons et al. (1951) (27) 53 0 1 149 
Brendemoen (1950) (7) .….…. 17 0 1 91 
Grubb (1951) (12) ......…. 187 0 13 800 
Miller et al. (1954) (21).... 25 0 6 80 
Total.. 443 0 26 1,552 
It will be seen that all have corroborated 


Grubb'’s finding: All Lela) are non-secretors 
of ABH substances. To the author's knowledge, 
no case has vet been published of an adult in 
whom this rule is not valid. In group Le(la—), 
on the other hand, as already emphasized by 
Grubb, the predominant majority are secretors, 
but there is a small proportion of Le(a—) indi- 
viduals who are non-secretors. 


Present Material. 

The material comprises blood samples from 
523 adult men and women, all with domicile in 
Copenhagen. All were grouped according to the 
A1A2BO system, and Lewis grouping was done 
with anti-Lea, anti-Leb, and anti-X. From the 
same persons saliva was obtained to study the 
occurrence of ABH substances in the saliva. All 
samples of saliva were taken at the Institute of 
Forensic Medicine. Immediately after removal, the 
saliva was boiled for 15—20 minutes over water 
bath, and after centrifuging the clear fluid was 
frozen for later investigation. Saliva from indivi- 
duals of Groups A, B, and AB was tested by the 
agglutination inhibiton method in general use at 
the Institute, a method which has been described 
bv Hartmann (13). Saliva from individuals of 
Group O was examined by the method advocated 
by Andersen (2). As anti-H the author used 
eel sera with a titre of 1:500. 

Table 8 gives the result of testing 523 samples 
according to ABO group, Lela+), and secretor 
status. It must be pointed out at once that the 
values are inapplicable for calculation of the fre- 
quency, since the material includes a number 
of specimens which were speciallv selected, as 
they proved to belong to group Le(a—b—)X—. 














Table 8. 
Distribution of Non-secretors and Secretors among 523 
adult men and women compared with Le{a+) and 
Le(a—) distribution, based on blood grouping with 
anti-Lea. This material is selected, so it is not ap- 
plicable for computing frequency. 





Le(a+) 





. Le(a-) 

à Num- . 

Type ber Non- Non- „ 

secr. Secr. secr. Secr 

gemeen 208 39 0 | 8 161 
annen es 185 33 0 0 152 
Ie 54 11 0 1 42 
B isen 48 9 0 5 34 
NE atas 21 3 0 2 16 
an ne 7 1 0 0 6 
On 523 96 0 16 411 





The results of this investigation confirm that 
all the subjects of group Lela+) were non- 
secretors of ABH substance. The great majority 
of group Lela—) were secretors of ABH substan- 
ces, but a small percentage were non-secretors. 
Further analysis of this group (Le(a—) and non- 
secretor) showed, however, that all the specimens 
were from persons of group Le(a—b—)X—. 
Table 9, therefore, gives the same samples, stating 
the full Lewis group, blood specimens of group B 
and AB not being tested with anti-Leb and anti-X, 
however, since both these sera contained anti-B, 
which could not be removed without considerably 
weakening the Lewis reaction. 

It is evident that blood group Le(a-b-)X- 
comprises secretors as well as non-secretors, al- 
though the great majoritv are secretors, a fact 
which was pointed out previously by Grubb 
(12). 

The ratio between Lela+) non-secretor and 
Lela—) non-secretor was studied by Race et 
al. who found it to be 48:1. Grubb & Morgan 
found 57:2. Ceppelini, on the other hand, 
has reported a somewhat different finding, í. e., 
94:11 (8). 





RELATION TO DISEASE 


During recent vears, a number of reports have 
been published (1, 16, 19, 8, 28) attempting to 
demonstrate a relationship between certain dis- 
eases and different blood groups. In a large series, 
for instance, a statistically significant preponder- 
ance of group A has been found among patients 
with cancer of the stomach. Similarlv, a marked 
preponderance of persons with blood group O 


Table 9. 
Distribution of Non-secretors and Secretors in relation to full Lewis group. 














Lelatb-)X+ Le(a-b+)X+ Lela-b-)X + Le(a-b-)X- 
Type Number —_—— er ee —— 
Non-se. Secr. Non-se. Secr. Non-se. Secr. Non-se. Secr. 

o 208 39 0 0 146 0 0 8 15 
A1 185 33 0 0 25 0 106 0 21 
A2 54 11 0 0 36 0 0 1 6 
H 48 9 0 0 30 0 0 5 4 
A1B 21 3 0 0 9 0 0 2 7 
A2B 7 1 0 0 5 0 0 0 1 
Total 523 96 0 0 251 0 106 16 54 
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has been found among patients with duodenal 
ulcer, whereas similar findings have not been 
made for patients with gastric ulcer. Studies of 
the relationship of numerous other groups of dis- 
eases to the ABO system have not shown a definite 
relationship, as the results have not been quite 
consistent. 

These studies have not been restricted to the 
ABO groups, the relation of the Rh system to the 
groups of diseases mentioned above having been 
studied also without revealing any relationship. 

In connection with the reported studies on the 
relationship between duodenal ulcer and blood 
group O, Sheppard in 1953 (26) suggested a 
study of the secretor status of patients with 
duodenal ulcer. This suggestion was based on the 
theory that the quantity and nature of the secreted 
blood group characters in the gastro-intestinal 
tract might be factors in the pathogenesis of 
ulcers in the gastro-intestinal tract. He examined 
blood and saliva from 514 patients (8) in whom 
the diagnosis of duodenal uleer hed been con- 
firmed by operation or X-rays. This series was 
compared with a control series of 491 healthy 
subjects. Sheppard found a significantly 
higher frequency of non-secretors (35.0 per cent) 
among patients with duodenal ulcer than among 
the controls (24.2 per cent) and concluded that 
non-secretors run a 45 per cent greater risk than 
secretors of developing duodenal ulcer. 


Present Investigations. 

Before Sheppard had published his results, 
the author, on the basis of the knowledge that 
group Lela) was identical with non-secretor 
status, had studied the Lela+) frequency in 
healthy donors and a number of patients with 
various diseases to ascertain whether abnormal 
distributions were present. 


During the period January-August, 1955, all new 
donors at the Blood Bank of the Copenhagen 
Municipal Hospital were grouped with an anti-Lea 
(the same anti-Lea which was used in the other 
studies reported in this paper). During the same 
period all blood samples from the two surgical 
departments were tested with the same anti-Lea 
serum. In this Lewis grouping, blood specimens 
from donors and patients were examined without 
the examiner knowing from which category the 
samples were derived. After the expiry of the 
testing period, the material was analysed and 
divided into a donor group and a patient group. 
The donor group comprises 617 men and women 
ranging in age from 18 to 60. The ABO and Rh 
frequencies corresponded to the average distri- 
bution in the Danish population. There were 114, 
or 18.5 per cent Le(a+) donors. This frequency 
does not differ from that previously found for 
Lela) in Danish series. 

The patient group comprises blood samples 
from a total of 1,168 adult men and women. The 
great majority had undergone operations, so as 
a rule the diagnosis was confirmed, in many cases 
by histological examination. The group “Observa- 
tion”, however, comprises patients admitted for 
observation without a definite diagnosis being 
made. All blood samples were drawn before blood 
transfusions were given. All blood samples were 
examined on the same day or on the dav after 
their removal, and were grouped according to 
the ABO and Rh (CDE) systems. The ABO fre- 
quencies did not differ from those found in other 
Danish series (A 42.7 per cent, O 42.7 per 
cent, B —= 10.1 per cent, and AB 4,5 per cent). 
As to the Rh frequency, there were 166 Rh 
negative among 1,168 patients, i. e., 14.2 per cent 
This corresponds to the frequencies previously 
found for Rh negative persons in Denmark. 
Table 10 sets out the results of the ABO and 


Table 10. 
Result of Le(a+) and ABO grouping of 1168 patients within 16 groups of diseases. 





Diseases Number ) 


139 82 57 20 


Cancer of the rectum …… 


Cancer of the colon .…… 47 20 27 4 
Cancer of the stomach 46 27 19 | 
Gastric uleer ……........ 41 31 10 5 
Duodenal ulcer ………………. 129 103 26 20 
Cholelithiasis …….…....... 91 18 73 10 
Breast cancer ……........ 17 0 17 2 
Cancer of the prostate .. 6 6 0 0 
EE mensen ess 68 7 61 8 
Nephrolithiasis .…………... 29 22 7 6 
Hypertrophy of the 

B Sistamoncene 57 57 0 6 
Gynaecological cases …… 59 0 59 7 
Ulcerative colitis .…….... 5 3 2 0 


Traumatic cases .…...... 
Observation 
Cancer of various sites 19 10 9 3 


Total ……. 1168 610 558 147 


Le(a +) 


ABO Group and Le(a +) Distribution 


A (a+) O (a+) B (a+) AB (a+) 
14.4 % 62 8 49 9 19 2 9 1 
9,0% 21 1 17 8 7 0 2 0 
2.2% 27 1 16 0 1 0 2 0 
12.2 % 14 0 18 5 4 0 5 0 
15.5 % 2 13 60 5 12 1 5 1 
11.0 % 38 4 37 2 12 3 4 | 
11.8 % 11 2 5 0 0 0 | 0 
0 4 0 2 0 0 0 Û 
11.8 % 30 5 30 2 6 1 2 0 
20.7 % 10 4 15 2 3 0 | 0 
10.5 % 20 4 27 1 7 1 3 0 
11.8 % 26 3 27 3 5 1 1 0 
0 4 0 1 0 0 0 0 0 


15.0 % 51 8 63 10 13 2 6 0 
12.4 % 122 15 121 16 28 3 11 | 
15.8 % 6 1 11 2 2 0 0 0 


12.6 % 498 69 499 60 119 14 52 4 
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Lela) determinations specified for the various 
categories of patients. 

This survey shows that a total of 147 patients 
were Le(a+4), whereas according to the frequency 
among the healthy population it ought to have 
been 210 Lela). This difference gives a signif- 
icant deviation, x2 21.2 with P <0,001 for 1 
degree of freedom. 

There is no explanation of this peculiar fact. 
Although the series contains patients with partic- 
ular diseases, there was no actual selection, as 
the diagnosis was frequently not made until after 
the blood grouping. This also explains the fairly 
large group of patients that have to be designated 
as “Observation”. 

Further analysis of thjs series shows that given 
diseases are related to a low frequency of 
Lela). This is most marked in cancer of the 
stomach in which x? —= 7.41 corresponding to P 
about 0.01 for 1 degree of freedom. This gives a 
statistically significant deviation from the ex- 
pected frequency of Lela), computed on the 
basis of findings among healthy donors. Other 
groups of diseases, such as cancer of the colon 
and of the rectum, show the same tendency, al- 
though the deviations are not significant. It is not 
only diseases like cancer of the gastro-intestinal 
tract, however, which point in this direction, 
as cholelithiasis, for instance, is also associated 
with a low Lela) frequency. On the other hand, 
a group such as “traumatic injuries” comprising 
fractures, rupture of organs due to trauma or 
severe contusions requiring blood transfusion, 
does not differ significantly from the expected 
frequency with regard to Lela). It might be 
imagined that age plays a rôle in this peculiar dis- 
tribution, but the group “traumatic injuries” con- 
tains, í. a, large number of elderly people with 
fracture of the neck of the femur. That age cannot 
be the cause will be seen also from the fact that 
the group of cholelithiasis comprises a relatively 
large number of yvoungish people and at the same 
time has a low Lela) frequency. 

As regards the group “Observation”, the 
Lela) frequency is so far below that expected 
that the finding is almost significant. One cannot 
help thinking that this group contains patients 
with “potential predisposition to disease” or dis- 
cases which only cannot be diagnosed by our 
present methods. Summing up, it may be said, 
however, that the series is too small to form the 
basis of definite conclusions regarding a possible 
relationship between Le(la+) and certain dis- 
ceases. It can at most give a hint. 


SUMMARY AND CONCLUSION 
A Danish series comprising 5,208 blood samples 
from 3,070 adult men and 2,138 adult women was 
tested with anti-Lea. This revealed 922 or 17.70 
per cent Lela). 
The entire material was A;A2BO and MN 
grouped. No relationship was demonstrated be- 


tween Lela) and these blood group systems or 
between sex and the frequency of Lela). 

P and Rh (CD) grouping was carried out on a 
small proportion of the material. These studies 
also showed no connection between the Lela) 
frequency and the blood groups mentioned. 

The heredity of Lela) was studied in 188 
Danish families with 482 children. The results 
appear to support the theory of recessive heredity. 

Investigation of blood and saliva from 523 
adult men and women confirmed that all indi- 
viduals of phenotype Lela) are non-secretors 
of ABH substances, whereas the predominant 
majority of individuals of phenotype Lela—) 
are secretors. However, a few Le(a—) individuals 
were non-secretors, but they all belonged to group 
Le(a-b-)X-, Among individuals of this phenotype 
there are non-secretors as well as secretors, but 
the latter are in the majority. 

A study of blood specimens from 1,168 patients 
with various diseases revealed that patients with 
certain diseases, e. g., cancer of the stomach had 
a low frequency of Lela). 


References: 

1) Aird, TI, H. H. Bentall, J. A. Mehigan & J. A. F. 
Roberts: British Medical Journal 1954, 2: 315. 

2) Andersen, Arne: Om H-Receptorens Forekomst og 
dens Betydning for Retsmedicinen. Thesis. Dansk 
Videnskabs Forlag, Copenhagen 1951. 

3) Andersen, S. B.: Ugeskr. Leger 1955, 117: 932. 

4) Andresen, P. H.: Acta path. et microbiol. Scandi- 
nav. 1947, 24: 616. 

5) Andresen, P. H., Arne Andersen, K. Jordal & K. 
Henningsen: Revue d’Hematologie 1950, 5: 305. 

6) Brendemoen, O. J.: J. Lab. Clin. Med. 1949, 34: 538. 

1) Brendemoen, O. J.: J. Lab. Clin. Med. 1950, 36: 335. 

8) Clarke, C. A, J. Wyn. Edwards, D. R. W. Haddock, 
A. W. Howell-Ewans, R. B. McConnell & P. M. 
Sheppard: British Medical Journal 1956, 2: 725. 

9) Cutbush, Marie, Eloise R. Giblett & P. L. Mollison: 
Brit. J. Haematology 1956, 2: 210. 

10) Grubb, R. & W. T. J. Morgan: Brit. J. Exp. Path. 
1949, 30: 198. 

11) Grubb, R.: Nature 1948, 162: 933. 

12) Grubb, R.: Acta path. et microbiol. Scandinav. 
1951, 28: 61. 

13) Hartmann, Grethe: Group Antigens in Human 
Organs. Thesis. Copenhagen 1941. 

14) Henningsen, K.: Om Blodtypesystemet P. Thesis. 
Copenhagen 1952. 

15) Jordal, Kell: Acta path. et microbiol. Scandinav. 
1956, 39: 399. 

16) Jordal, Kell: Acta med. legal. social. 1956, 9: 195. 

17) Jordal, Kell & Svend Lyndrup: Acta path. et mi- 
crobiol. Scandinav. 1952, 31: 476. 

18) Kemp, Tage: Arv og Kàâr. Ejnar Munksgaard. 
Copenhagen 1956. 

19) Koster, K. H., E. Sindrup & V. Sele: Lancet 1955, 
Ak 

20) Lyndrup, Svend: Faderskabsudelukkelse efter 
Rhesus-Blodtypesystemet. Thesis. Copenhagen, 
1954. 

21) Miller, E. B, R. E. Rosenfield, P. Vogel, Gladys 
Haber & Natalie Gibbel: Am. J. Phys. Anthrop. 
1954, 3: 427. 








no 7 


IS Or 


on a 
1dies 


ad) 


188 
sults 
dity. 

523 
indi- 
tors 
nant 
a—) 
luals 
roup 
tvpe 

but 


ents 


with 
had 


nav. 








DANISH MEDICAL BULLETIN 217 





OCTOBER 1957 


22) Mohr, Jan: A Study of Linkage in Man. Thesis. 
Ejnar Munksgaard, Copenhagen 1954. 
23) Mourant, A. E.: Nature 1946, 158: 237. 


24) Race, R. R. & Ruth Sanger: Blood Groups in Man. 
2nd ed. Blackwell. Oxford 1954. 


25) Race, R. R., Ruth Sanger, Sylvia D. Lawler & Ber- 
tinshaw, Doreen: Brit. J. Exp. Path. 1949, 30: 73. 

26) Sheppard, P. M.: Brit. Med. J. 1953, 1: 1220. 

27) Simmons, R. T., N. M. Semple & J. J. Graydon: 
Med. J. of Australia 1951, 4: 105. 

28) Sgrensen, K. H.: Dan. Med. Bull. 1957, 4: 45. 


POLYRADICULO-MYOPATHIA IN TRANSIENT THYROTOXICOSIS 


By E. BIRKET-SMITH and BENT DE FINE OLIVARIUS 


Since the first account of muscular wasting in 
Graves’ disease by Bathurst (1895) and the 
description of pathological changes in the muscles 
of patients who succumbed to this disease by 
Askanazy (1898), a variety of muscular dis- 
orders observed in conjunction with thyrotoxi- 
cosis have been reported. According to Sta r- 
ling & al. (10) and Brain & Turnbull (3) 
these thyrotoxic myopathies may be classified as 
follows: 1) Exophthalmic ophthalmoplegia; 2) 
Acute thyrotoxic myopathy; 3) Chronic thyrotoxic 
myopathy; 4) Thyrotoxic periodic paralysis; 5) 
Myasthenia gravis associated with thyrotoxicosis. 
However, the exophthalmic ophthalmoplegia seems 
to be nothing but a simple consequence of in- 
creased intraorbital pressure, and the acute thyro- 
toxic myopathy may only be fulminant cases of 
mvasthenia gravis (7), though the existence of 
a specific relationship between thyrotoxicosis and 
myvasthenia gravis as well as periodic paralysis 
is by no means indisputed (4). 

In contrast to these, the chronic thyrotoxic 
myopathy constitutes a rather well-defined syn- 
drome. Quinn & Worcester (8) were able 
to collect 18 cases from the literature, adding one 
case of their own. Besides, Zierler (11) has 
reported ten cases and Millikan & Haines 
(7) eight, the total number thus amounting to at 
least 37 cases. According to all reports, the syn- 
drome is prevalent in males above the age of 
forty. The most prominent clinical feature is 
wasting and weakness of the shoulder and pelvic 
girdles including the femoral muscles, developing 
insidiously in the course of 2 years to 2 months. 
In some of the patients fasciculations in the af- 
fected muscles have been observed (6, 8, 11). 
Most characteristic is that the hyperthyrotic symp- 
toms in many cases have been but little conspic- 
uous. Electromyographic examinations are re- 
ported in 5 patients only. Nothing abnormal was 
found (7). The only case, apparently, in which 
a biopsy specimen of the affected muscles has 
been obtained is reported by the same authors. 
The muscular tissue appeared essentially normal. 
The causal relation between the thyrotoxicosis 
and the myopathy appears from the fact that ade- 


From the Neuromedical Department, Rigshospitalet, 
University of Copenhagen. Head : Professor Mogens Fog. 


quate treatment of the former in most cases leads 
to complete remission of the muscular involve- 
ment, although additional treatment with testos- 
terone in some cases has been necessary (8). 
While muscular disorders in thyrotoxicosis thus 


are well known — and most probably the inci- 
dence is much higher than the number of reported 
cases indicates — affection of the nerves seems 


to be a rarity. In fact, it is not even mentioned in 
the common text-books of neurology, and a survey 
of literature has only resulted in our bringing 
one single case to the light, a case of polvneuritis 
reported by Selvaag (9) among a series of 392 
patients with thyrotoxicosis. 

Against this background the present case appears 
to us worth while reporting. First, because it re- 
presents another case of peripheral nervous in- 
volvement in thyrotoxicosis; further, because it 
seems remarkable in its course, the hyperthyrotic 
as well as the neurological symptoms subsiding 
spontaneously and simultaneously, and finally 
because it may throw some light on one possibility 
of the interrelationship between thvroid and 
neuro-muscular disorders. 


CASE HISTORY 


23-vear-old man, essentially healthy in the past. Four 
weeks before admission he experienced paresthesias 
in both feet, in a couple of days ascending to the um- 
bilical transversaal along with diffuse tenderness of 
the muscles and diminution of strength in the hands, 
later in the legs as well. The temperature was slightlv 
elevated from the onset of the disease. After a week 
he was admitted to the regional hospital, where exam- 
inations disclosed a moderate hypertension (blood- 
pressure 210/150 — 165/125 mm of mercury), an eye- 
ground with hypertonic changes of Grade I, an acceler- 
ated pulse-rate, and a slight spinal hyperalbuminosis. 
As there was progressing muscular weakness, the 
patient was transferred to this department for further 
examination. 

Clinical eramination: On admission the patient was 
found in a somewhat weakened general condition, 
warm, sweating, with a pulse-rate of 120 and slightly 
elevated body-temperature. There was diffuse swelling 
of the thyroid gland, but no tenderness and normal 
consistency, slight exophthalmos. The skin of the palms 
and soles was hyperkeratotic, red, a little cvanotic, 
and squamous, the hair diffusely thinned. Skull and 
cranial nerves were normal. The lower abdominal 
reflexes could not be elicited. 
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Diffuse muscular atrophy of the upper extremities 
was prominent, most pronounced of the small muscles 
of the hands, with corresponding moderate, diffuse, 
normotone paresis and normal tendon reflexes. A fine 
tremor of both hands was observed. Both lower extre- 


mities were diffuselv atrophic with corresponding 
normotone paresis, normal tendon reflexes, and 
marked muscular tenderness. Coarse fasciculations 


were seen in the femoral muscles. Plantar reflexes 
were flexor. The sense of position of the toes was 
compromised. Finally, a both palms 


and of the lower extremities and trunk up to the um- 


dysesthesia of 


bilical transversal was found. 


Laboratory exraminations: Sedimentation rate: 6 
mm per hour. Hemoglobin: 110 per cent (Sicca). Blood 
155/100—125/85. Serumcholesterol: 89 mg 
Protein-bound iodine: 8.2 micrograms 
per 100 ml (normal values: 3.1—6.1l micrograms per 
100 ml). Thymol and Takata-Ara’s 
17-ketosteroid excretion within normal 
metabolic rate: + 46 per cent and + 62 per cent. 
Cerebrospinal fluid: normal pressure and cell-count, 


pressure: 
per 100 ml. 
tests normal. 
levels. Basal 


slight hvperalbuminosis. 

Electromvography showed in the left anterior tibial 
muscle numerous denervation potentials and spon- 
taneous activity (motor unit potentials). The duration 
increased, averaging 
brachii 
the po- 


of the potentials was slightlv 
13.6 milliseconds. In the left 


increased duration of 


biceps spon- 
taneous activity and 
tentials was found, too, but no denervation potentials 
were observed. Biopsy from the left anterior tibial 
muscle displayed around some of the vessels deposits 
of Ivmphocytes and macrophages, which might be 
followed for some distance in the interstitial tissue. 
In the areas with most pronounced infiltration, slight 
degeneration of the muscle fibres was noted. Biopsy 
from a cutaneous nerve at the ankle revealed a com- 
pletely normal microscopical picture. 

Prostigmine 0.5 mg intravenously caused a certain 
subjective improvement of the feeling of fatigue, but 
no corresponding clinical effect. 

Further course: During the stay in the department 
the patient gradually recovered without any thera- 
peutie measures. The pulse rate fell to normal values 
along with a normalization of temperature, the loss 
of hair stopped, paresthesias and muscular tenderness 
subsided, and muscular strength was partially regained, 
but still some muscular atrophy was present. 

Despite the spontaneous remission of the thyro- 
toxicosis, a medication with iodine was started about 
three weeks after the admission, but was discontinued 
after two days because of a falì of the basal meta- 
bolic rate to normal values. At the time of discharge 
from the department after a five weeks’ stav, the 
patient felt quite well, but slight muscular wasting 
was still visible and hypesthesia of both feet persisted. 

Seen in the out-patient clinic 4 and 5 months after 
the onset of symptoms, the patient complains of slight 
fatiguability and numbness of both feet only. He is 
completely well-balanced psychicallv, the muscles are 
of normal bulk and strength, but slight dysesthesia of 
the feet is still noted. 

Repeated electromvographic examinations with one 
month intervals have shown decreasing abnormalities 
along with the appearance of polyphasic potentials as 
Basal metabolic rate and 
have remained within normal 


a sign of reinnervation. 
protein-bound 
values. 


iodine 


Comments: 

The present case exhibits unequivocal signs of 
neurogenic affection, viz., sensory disturbances 
and in the electromvogram denervation potentials 
as well as increased duration of the potentials. 
The spinal hyperalbuminosis suggests that it has 
been localized to the radices. The miecroscopical 
picture of the affected muscular tissue, on the 
other hand, points to a myositis. The neuro- 
muscular disorder may thus be classified as a 
polvradiculo-myositis. The slight improvement 
following prostigmine administration may, in our 
opinion, be disregarded, as it mav be observed 
in other neuro-muscular disorders without any 
primary disturbance of the neuro-muscular trans- 
mission, e. g., amyotrophic lateral sclerosis. As to 
the thvrotoxicosis, its reality appears from the 
elevation of the protein-bound iodine, the dis- 
proportion between the subfebrile temperature 
and the marked acceleration of the pulse rate, as 
well as from the hypertension. The spontaneous 
remission and relatively short duration of the 
thvrotoxic symptoms seem to justify the assump- 
tion that they have been due to a subacute thyroi- 
ditis, although the basal metabolic rate was rather 
high (compare Hazard (5)). It is remarkable 
that a diagnosis of thyrotoxicosis was not est- 
ablished for a considerable lapse of time, but the 
hyperthyrotic symptoms were in fact rather 
masked by the neuromuscular disorder, a point 
emphasized in most reports concerning the 
chronic thyrotoxic mvopathy as well. It should 
be mentioned, finally, that the close correlation 
in time between the development and subsequent 
decline of the hyperthvrotic and the neuro- 
muscular symptoms speaks against that their 
simultaneous occurrence should be merely coin- 
cidental. Correlating the clinical course with the 
results of the various diagnostic procedures, it 
seems to us justified to assume that some in- 
fectious agent, presumably a virus, has provoked 
a subacute thyroiditis, a polvradiculitis, and a 
myositis as well. A clinical picture like the one 
here described has to our knowledge not been 
reported previously, but further studies of the 
thvyrotoxic muscular disorders may possibly re- 
veal intermediate forms connecting this with the 
classical syndromes. 

SUMMARY 

Following a brief survey of the literature on 
muscular disturbances in thvrotoxicosis, a case 
is presented, which is unusual in exhibiting signs 
of neurogenic affection as well as muscular in- 
volvement developing concomitantly with a sub- 
acute thvroiditis. On account of the course of the 
thyrotoxicosis, the signs of polyradiculitis and of 
myositis, a common infectious cause, probably a 
virus infection, is presumed. 
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DEATHS BY ACCIDENT AMONG CHILDREN IN DENMARK 1931—1955 


By KAREN DREYER and 


A considerable decrease in child mortality has 
occurred throughout the civilized world during 
the last half century, interrupted by the two 
World Wars. This decrease has been observed 
in all age groups and amounts, roughly, to 
about 85 per cent for infants, about 90 per cent 
for pre-school children and 85 per cent for school 
children. 

This process has been going on with increasing 
speed since World War II and has caused a con- 
siderable amount of interest and consideration. 
Clinical and social paediatrics, general and special 
hygiene have hereby gained quite another aspect, 
and the way of thinking within the medical world 
can hardly keep pace with this development. 

Neither general practitioners nor paediatricians 
are nowadays very often witness to the death of 
a child, and it is a rare event to see an acute 
disease end fatally. Parents are no more aware 
of the mental and emotional problems involved 
in the loss of a child, and do hardlv, except as 
far as the infants are concerned, realize this pos- 
sibility, the constant nightmare of earlier gener- 
ations. 

A continuous analysis of causes of death and 
mortality figures is still necessary for the organi- 
zation of child hygiene on a national level, even 
if it is true that the defensive attitude towards 
mortality and morbidity partly has been replaced 
by more active efforts towards direct improve- 
ment of health during all stages of development. 

The decreasing child mortality is a reflection 
of modern social and economic development. 
The study of this problem is not confined to the 
medical sphere but has a bearing on our entire 
cultural set-up. 

A low child mortality is not the final goal, but 
only a step towards the best possible state of 
health for the individual child. 

In this country the mortality for children under 


From: The National Health Service of Denmark, 
Statistical Section. 


Head: Marie Lindhardt. 


SVEND A. NORREGAARD 


15 vears of age has dropped from 647 per 100,000 
in 193135 to 241 per 100,000 in 1951—55. This 
decrease is, as mentioned above, of about the 
same magnitude at all ages, the first few months 
of life excluded. A considerable difference be- 
tween age groups might, however, be observed 
through a specification bv causes. Table 1 shows 
the development in the U. S. A, and Denmark for 
preschool children. The greatest decrease has oc- 
curred for infectious diseases, including the 
common children’s diseases, and for diseases of 
the respiratory and digestive system, whereas 
the mortality of the diseases of the newborn, 
cancer and accidents has dropped less. 

The consequence of this development has been 
that the last-mentioned groups of diseases now 
play a considerably larger role in mortality statis- 
tics than ever before, and accidents are now the 
dominating cause of death, except for infants. 

Roughly speaking, between one fourth and one 
third of all deaths among children 1——-14 vears 
old can nowadays be ascribed to accidenis, as 
against less than one tenth 50 vears ago. (In 
Denmark the figures are 30 per cent in 1951—55 
as against 5 per cent in 1900—04). 

This is the case not only in Denmark but in 
most countries in Northern Europe and North 
America, and it is quite natural that the problem 
of accidents in childhood has been the object of 
intensive studies aiming at the establishment of 
methods for a systematic prevention of these 
deaths. It should be remembered that even a suc- 
cessful campaign against infectious and other 
diseases will now vield but moderate results in 
lives saved. 

A short survey of information from a few other 
countries is given below. 

In the Netherlands, in 1910, accidents caused 
8.5 per cent of all deaths among children and in 
1952—53 35 per cent. In 1954 the mortality from 
accidents in that country was 29 per cent of the 
total mortality for the age group 1—4 vears, 42 
per cent for 5—9 vears old children and 31 per 
cent in the 10—14 years age group (cf. the Danish 
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Table 1. 


Leading causes of death for children 1—% years old in the U.S.A. and Denmark. Annual rates per 100,000. 














| U.S.A. | Denmark | U.S, A | Denmark 

| 1930 —31 | 1931—35 | 1951 — 52 1951 — 55 
Pneumonia and influenza .….…...…. 126.4 103.1 outre eeen bbs 28.9 38.2 
Infectious diseases .............. 80.9 84.8 Pneumonia and influenza ...... 15.3 11.1 
rn se anne et al tinoiad 55.8 39.5 EE ad ee en kn a 12.8 13.0 
Gastritis and gastroenteritis 49.0 12.0 Congenital malformations .……….…. 1.5 9.8 
NE: een akan enne 28.7 41.7 Gastritis and gastroenteritis .….…… 3.6 2.3 
figures in Table 5). The development among according to external cause in the U.S. A., 1952, is 


school children in the Netherlands in shown in 
Table 2 where the mortality rates per 100,000 are 
given by cause. 

Table 2. 


Death rates per 100,000 from accidents by cause. 
School children in the Netherlands 1920—52. 





1920 — 22, 1938 — 39 ,1943—44") 1950 — 52 





Traffie .…...…. 5 5.5 10.0 10.0 10.3 
Drowning has 7.5 5.9 7.6 4.8 
NR are elk 1.6 0.8 1.8 0.4 
Other accidents …. 4 2.0 Er 3.7 
EE waaks 19.0 18.7 27.1 19.2 





%*) War-accidents excluded. 


The mortality from accidents among boys in the 
U.S. A. in the age group 10—14 vears is now of 
the same magnitude as all other causes of death 
together. The percentage distribution of accidents 


Fig 1 Violent deaths by age and sex in aifferent countries 
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shown in Table 3 for three age groups. (Cf. the 
Danish figures in Table 6). 

A comparison between England and Wales, the 
Netherlands and Denmark is shown in Fig. 1. 
It should be noticed that the problem of accidental 
deaths is not confined to children, but is also a 
serious one in adolescense, especially for young 
men. 

Table 3. 


Percentage distribution of accidental deaths by cause. 
U.S.A. 1952. 





1-4 vears 5-9 years 10-14 vears 


Motor vehicle accidents 37 46 33 
enke eeens 20 13 17 
eene 16 25 28 
ee DE rbe ette En 6 4 4 
PERO oe eee 5 -— — 
Suffocation ........…. 4 —- —- 
Other accidents .…....…. 12 12 18 
eend rd 100 100 100 





In spite of the useful information that can 
be gained from comparisons between different 
countries, this problem of accidents among child- 
ren must be thoroughly studied in each individual 
country, the conditions being so different from 
one country to another that a direct application 
of the results from another country should not 
be carried out. As examples of the varying im- 
portance of some kinds of accidents, it might 
be mentioned that poisonings play a greater role 
in the U. S. A. and England than in Denmark, prob- 
ably because of the different regulations for the 
distribution and keeping of drugs; bicycle acci- 
dents are more frequent in Denmark than in the 
U.S. A. owing to the common use af that vehicle 
in this country; burns are more frequent in the 
U.S. A. than in Denmark, probably because of the 
greater number of open fireplaces in the former. 
Finally, it can be mentioned that drowning is a 
very frequent cause of death in Sweden, Finland 
and the Netherlands, owing of the numerous lakes 
and canals in these countries. 


OWN INVESTIGATION 
For the reasons mentioned above, an investi- 
gation has been carried out, in the Statistical 
Section of The National Health Service, of all 
fatal accidents among children under 15 years 
of age during the period 1931 to 1955. 
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Table 4. 
Deaths from accidents among children by sex, age and kind of accident, Denmark 1931—55. 



































Boys Girls 

<1 1 year 2—1 5-9 10 —14 Total <1 1 vear 2-4 5-8 10-14 Total 

year vears years years year vears vears , vears 
1931—-35 
Motor vehicle accidents .. - 3 36 74 53 166 — 3 30 24 7 74 
Other traffic accidents ……. — 6 8 16 23 53 1 4 7 14 37 
daneen eten 1 22 38 54 64 179 —- 18 3 7 6 34 
EE ereen se 1 10 12 2 2 27 2 Ri 1 - — 7 
cnc det enne ch 5 9 18 6 10 48 2 7 11 6 5 31 
annen 73 2 8 3 — 86 59 2 2 2 3 68 
eee 16 53 34 11 2 116 11 32 42 11 6 102 
War-accidents .......... En . ae Ge das een ain aas me hae 
All other accidents ...... 10 6 30 32 31 109 12 2 11 10 3 38 
Total accidents .…........ 106 111 184 198 185 784 87 72 107 74 51 391 
TOE nen oes 13349 1365 1188 1024 894 17820 | 9630 1057 993 862 702 13244 
1936—40 
Motor vehicle accidents …… — 5 47 66 50 168 — 3 30 23 9 65 
Other traffic accidents …… -— 4 15 19 20 58 — 8 6 5 6 25 
ERE * es esteeetint se 28 55 52 42 178 3 9 22 6 6 46 
Nasrdin 1 10 9 3 3 26 1 9 3 —: l 14 
er eme eee elv e 2 11 18 10 9 50 1 8 10 10 — 29 
Sutftecation ………......... 80 2 2 2 4 90 57 2 — — 59 
ee wh ene 20 30 27 1 3 87 1 22 25 8 1 66 
War-accidents .......... — —— 1 — 2 3 —— — —— 2 — 2 
All other accidents ...... 5 4 13 22 29 73 9 6 8 — 5 28 
Total accidents ........ 109 94 187 181 162 733 81 67 104 54 28 334 
DE ennn 11798 1083 951 844 750 15426 8614 859 150 602 >07 11332 
1941—45 
Motor vehicle accidents …… 1 7 50 62 29 149 2 1 36 40 7 86 
Other traffic accidents …….… 1 3 19 34 22 79 —- 6 13 8 4 31 
antennes 1 41 77 50 48 217 1 21 34 11 8 75 
DE oee eeen 5 11 11 3 3 33 8 3 9 3 1 24 
nch ew en 6 ars af 8 25 31 18 8 90 4 12 18 12 Jd 49 
EE nnee 124 13 4 1 3 145 80 10 3 1 — 94 
en nn ble er 17 31 28 7 6 89 6 24 32 10 1 13 
War-accidents .….…........ 1 1 2 22 34 60 2 | 3 46 33 85 
All other accidents .…..... 9 6 27 27 40 109 11 4 13 17 8 53 
Total accidents ......... 167 138 249 224 193 971 114 82 161 148 65 570 
ER: eenen se 11891 948 980 762 649 15230 f 8459 810 814 590 504 11177 
1946—50 
Motor vehicle accidents .. — 15 97 95 50 257 — 7 56 44 22 129 
Other traffic accidents …… 1 7 18 25 20 71 — 3 11 5 | 20 
hee neweenen — 61 109 58 56 284 3 25 26 12 18 84 
DE sneren des 3 13 13 5 1 35 2 9 6 3 — 20 
rs ed a tees 4 18 28 12 11 73 1 12 18 7 4 42 
EK aaneen eens 158 20 10 5 5 198 121 7 8 4 -—— 140 
nn te dm neh ein 9 25 20 10 —- 64 9 13 19 5 4 50 
War-accidents .……........ -— | 2 1 5 9 — 1 2 1 —- 4 
All other accidents ...... 13 7 31 36 23 110 11 6 14 16 6 53 
Total accidents ......... 188 167 328 247 171 1101 147 83 160 97 55 542 
on ot en 9537 7116 903 641 467 12324 | 6783 657 716 398 315 8869 
1951—55 
Motor vehicle accidents .. — 19 104 127 56 306 1 7 58 65 20 151 
Other traffic accidents .…. —— 8 12 16 18 54 — 4 6 8 4 22 
DE anseremandntes 2 33 83 73 45 236 -- 15 26 15 5 61 
DE eenrssanntenne 2 8 8 2 1 21 3 3 4 2 1 13 
ke Oe 3 13 21 17 7 61 1 7 14 7 4 33 
sessies 138 15 13 3 5 174 93 15 6 — 1 115 
DN: tennessee van de 6 19 23 3 — 51 3 7 15 3 1 29 
War-accidents .……........ — — —- —— —- —- — — — — — — 
All other accidents .…..... 1 5 15 22 22 65 3 3 5 8 1 26 
Total accidents ........ 152 20 279 263 154 968 104 61 134 108 43 450 
OD es sn a ea 6161 450 673 592 366 8242 | 4387 348 429 351 230 5745 
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Table 5. 
Accidental deaths in per cent of all deaths. Denmark 1931—35 and 1951—55. 
Boys Girls 

<1 1 year! 24 59 | 1014 | Total <l 1 year | 2-4 5-9 | 10-14 | Total 

year n years \ years years year p years ‚ years | years 
1931—35 …. 0.8 8.1 15.5 19.3 20.7 44 0.9 68 108 8.6 1.3 3.0 
1951—55 ….…. 25 267 415 444 42.1 11.7 24 175 31.2 30.8 18.7 1.8 








Table 6. 


Deaths from traffic accidents in per cent of all accidental deaths. Denmark 1931—35 and 1951—55. 





Boys 


year ars | vears years 
1931—35 .….….…. = 8.1 23.9 45.5 41.1 
1951—55 .…….…… = 22.3 41.2 54.4 48.1 


2-4 5-9 10-14 








Girls 
Total <l 1 year 24 59 10-14 | rotal 
year years ( years | years 
27.9 1.2 9.7 346 514 54.9 28.4 
37.2 1.0 18.0 478 67.6 558 38.4 








The material consisting of 6,844 deaths is 
presented in Table 4. The deaths are distributed 
by sex, age and cause of accident within 5 quin- 
quennial periods. Additional information about 
the total number of deaths is given for each period 
and age-sex group. 

Traffic accidents are subdivided into 
vehicle accidents and other traffic accidents. The 
first group includes all accidents in which a 
motor vehicle has been involved, irrespective of 
whether the child was in the motor vehicle or 
not. It may be seen that these accidents comprise, 
bv far, the greater part of all traffic accidents. 

Suffocation includes accidents which occurred 
in bed or cradle, due to strangulation, to landslide 
and the like. 

Burns include scalding. 

The residual group includes accidents caused 
by machinery, animals, electricity, tumbling and 
falling objects, firearms, etc. 

The age grouping has been set up in order to 
secure as great a homogenety as possible within 
each group with respect to the rate of activity 
of the children and the possibilities for preven- 
tion through education. 

The relative importance of accidents as a 
cause of death among children, as mentioned 
before, has been increasing rapidly during the 
more recent decades, mainly owing to the de- 
crease in the mortality from diseases. In Table 5, 
it is shown that the ratio of accidents to all causes 
of death has been trebled for boys and doubled 
for girls during this period. An increase can be 
observed in all age groups but is greatest within 
those where infectious diseases plaved the greatest 
role in earlier times. Accidents are now the cause 
of 40 to 50 per cent of all deaths among boys 
over 2 vears of age. The corresponding figure 
for girls in the age groups 2—9 vears is about 
30 per cent, and somewhat lower for the older 
girls. 

The above-mentioned 


motor 


development has been 


accompanied by a rise in the relative importance 


of traffic accidents, although this rise is smaller 
(see Table 6). Children, especially in the age 
group 5—9 vears, are the victims of traffic 
accidents, more than one half of the accidents 
occurring to boys in this age group, and two 
thirds of the accidents to girls, being due to 
traffic. The sex-difference as to the relative im- 
portance of traffic accidents is less than as to the 
importance of all accidents. 

The actual importance of accidents as a cause 
of death is shown in Table 7. Mortality rates are 
given for each age-sex group per 100,000 during 
the 25 vear period. The kinds of accidents shown 
are those of greatest importance for each age 
group, and they are given in the order determined 
by their importance within the period 1951—55. 
Also the trend in the total mortality can be 
observed from this table. 

Table 7 and Fig. 2 show how the total mortality 
has dropped in all age groups and for both sexes, 
whereas the mortality from accidents has been 
almost unchanged from the beginning of the 
period to the end. It is a characteristic feature 
of the mortality from accidents that a decrease 
can be observed in all age groups from the first 
to the second period and again from 1946—50 to 
1951—55. Thus, the periods 1941—45 and 1946— 
50 denote a maximum in all age groups. The 
figures for 1941—45 are, especially for the girls, 
influenced by war-accidents. This is mainly due 
to the fact that a girls’ school in Copenhagen was 
bombed in 1945, and a great number of pupils 
were killed. The war-accidents are, however, 
excluded from Fig. 2. It can also be seen from 
Table 7 that the total mortality, as well as accident 
mortality, is higher for boys than for girls 
throughout the period. The only exception is the 
age group 5—9 vears in 1941—45, and this is, as 
mentioned above, due to war-accidents. This 
applies, in most instances, to the individual 
groups of accidents as well. An exception, here, 
is the mortality from burns in the age groups 
2—4 years where girls in some periods have a 
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Table 7. 


average). 


Accidental deaths per 100,000 population among children by sex, age and kind of accident. Denmark 1931—55 


(annual 









































Boys Girls 
1931 —35 | 1936 —40 | 1941 — 45 | 1946—50 195155 193135 1935640 194145 1946 -50 195155 

under 1 gear: under 1 year: 

DN ennn 46.6 48.5 61.4 72.0 70.1 | Suffocation …………...….…. 39.2 36.0 41.7 58.2 50.0 
ll other accidents .. 21.1 17.6 21.3 13.7 7.1 | All other accidents .. 18.6 15.1 17.7 12.5 5.9 
Total accidents ad 67.7 66.1 82.7 85.7 77.2 | Total accidents »7.8 51.1 59.4 70.7 55.9 
Total deaths eidhaben deerd 8529.7 7150.3 58866 43449 31274 | Total deaths ........ 6398.7 5434.7 4405.7 3261.1 2358.6 
{ gear: 1 year: 

DE aar eee 14.5 17.7 22.0 27.3 17.1 | Drowning .…….…….…..…. 12.2 9 11.8 11.8 8.2 
Motor vehicle accidents 2.0 3.2 3.7 6.7 9.8 | Suffocation .…......…. 1.3 1.3 6 3.3 8.2 
All traffic accidents. 5.9 5.7 5.4 9.8 14.0 { Motor vehicle accidents 2.0 2.0 0.6 3.3 3.8 
EE nnee end 35.0 18.9 16.6 11.2 9.8 | All traffic accidents... 1.7 7.2 3.9 4.7 6.0 
Suffocation ......... 1.3 1.3 7.0 9.0 BEN: tense 4.7 5.2 6.7 5.7 3.8 
DK ananas 6.0 6.9 13.4 8.0 an and 21.7 14.4 13.4 6.1 3.8 
11 other accidents 14.5 11.3 11.3 12.5 10.9 | All other accidents .….… 6.9 15.0 71.8 9.0 5.4 
Total accidents .….…... 13.3 59.3 74.0 74.7 62.1 f Total accidents 48.8 43.8 45.9 39.2 33.2 
Total deaths .…....... 901.0 6833 >08.3 347.2 233.2 | Total deaths .………...... 716.6 5614 453.8 310.6 1891 
Jh gears: 24 years: 

Motor vehicle accidents 7.8 10.2 9.9 14.8 17.2 | Motor vehicle accidents 6.7 6.7 7. 9.0 10.1 
aat 9.6 13.5 13.6 17.6 19.2 f All traffic accidents. 8.2 8.1 10.1 10. 11.1 
DE Oee 8.2 12.0 15.2 16.6 13.8 | Drowning ……….….…….……. 0.7 5.0 7.0 4.2 4.5 
sen ennen es 74 5.9 5.5 3.1 Sj 9.3 5.6 6.5 3.0 2.6 
NR 3.9 3.9 6.1 4.3 ee eee 25 2.2 3.7 2.9 2.5 
Suffocation ......... 1.7 0.4 0.8 1.5 2.2 | Suffocation .………..….… 0.4 0.6 1.3 1.0 
ll other accidents …… 10.9 8.3 11.6 9.8 5.8 | All other accidents …… 4.2 3.8 7.8 5.2 2.6 
Total accidents …..…. 39.9 40.7 49.1 50.1 46.3 | Total accidents 23.8 23.3 33.0 25.6 23.3 
Total deaths ........ 257.7 2067 193.3 137.9 111.6 | Total deaths .……....…. 90.7 168.4 167.0 114.6 74.7 
59 gears: 5—9 gears: 

Motor vehicle accidents 9.1 8.7 8.0 10.7 11.7 f Motor vehicle accidents 3.0 3.1 5.3 5.1 6.3 
Ul traffic accidents. 11.1 11.2 12.4 13.5 13.2 | All traffic accidents. 18 3.8 6.4 5.7 7.0 
RE eest 6.7 6.8 6.5 6.5 6.7 | Drowning 0.9 0.8 1.5 14 14 
mT 0.7 1.3 2.3 1.4 ee 0.8 1.4 1.6 0.8 0.7 
All other accidents … 7.9 7.0 12.1 9.2 4.2 f All other accidents …… 4.6 20 11.3 4.0 2.0 
Total accidents 24.4 23.8 28.9 27.8 24.2 | Total accidents .…..... 9.3 7.3 19.7 11.3 10.4 
Total deaths .….…….……. 126.2 110,9 69.5 72.2 54,5 | Total deaths …...…. 108.6 81.0 78.6 46.4 33.9 
10—14 gears: 10—14 years: 

Motor vehicle accidents 6.2 6.2 3.8 6.5 6.3 | Motor vehicle accidents 2.0 1.1 1.0 29 24 
All traffic accidents. 8.9 8.7 6.7 91 4 | All traffic accidents. 3.4 1.9 1.5 3.1 2,8 
Drowning ………..…..……. 1.5 5.2 6.3 1.2 5.1 | Drowning 0.7 0.8 1.1 24 0.6 
entend eta 1.2 1.1 1.1 1.4 Ot SC 0.6 0.4 0.6 0.5 
All other accidents ….… 6.8 7.6 14.3 7.0 5.2 | All other accidents ……. 2.8 1.6 6.3 1.5 1.6 
Total accidents ...... 21.7 20.1 25.5 22.2 17.4 | Total accidents .…..…. 6.2 3.5 8.8 7.4 5.1 
Total deaths ….……. 105.1 93.3 85.7 605 _ 41.4 | Total deaths ….…… 845 642 68.1 421 270 
014 gears: 0—14 years: 

Motor vehicle accidents 6.8 1.2 6.1 9.3 10.3 f Motor vehicle accidents 3.1 2.8 3.7 4.9 5.3 
All traffic accidents. 9.0 9.6 9.4 11.9 12.2 f All traffic accidents... 1.7 3.9 5.0 5.6 6.1 
DE ee 74 7.6 8.9 10.3 8.0 f Suffocation .……....…. 2.9 2.6 4.0 5.3 4.1 
Suffocation 3.5 3.8 6.0 7.2 BEDE 1.4 2.0 3.2 3.2 2.1 
AR 2.0 2.1 8.7 2.6 ED sokentetveetse 1.3 1.3 2.1 1.6 1.2 
KE ih and 4 4.8 3.7 3.7 2.3 nde been 4.3 2.9 3.1 1.9 1.0 
Poisoning ……….…….…….……. 1.1 1.1 4 1.3 0.7 f Poisoning .…………...…..… 0.3 0.6 1.0 0.7 0.5 
War-accidents .…………. — 0.1 2.5 0.3 — | War-accidents ...... 0.1 3.6 0.1 

All other accidents …… 6.7 5.6 1.1 6.6 4.0 | All other accidents …… 3.2 2.3 3.6 2.7 1.7 
Total accidents ……. 323 312 400 39.9 32.7 | Total accidents ….…. 165 146 243 204 15.9 
Total deaths ….….... 7330 6568 6274 4469 278,2 | Total deaths ………. 558.2 4949 4759 3348 2028 
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Fig. 2: Average annual mortality per 100,000. Denmark 1931-55. 


Total 


higher mortality than boys, probably due to their 
greater activity in the kitchens. Also the group 
“falls” seems to be less sex-determined, the 
vounger boys, though, appearing to be somewhat 
more active or foolhardy than the girls. 

The figures for all traffic accidents are, because 
of the great interest attached to those deaths, in- 
cluded in Table 7, but the numbers are italicized, 
in order to indicate that they are not included 
in the total, because motor vehicle accidents 
thereby would be counted twice. The figures for 
“Other traffic accidents” are included among 
“All other accidents”, and may be obtained as 
the difference between all traffic accidents and 
motor vehicle accidents. 

A study of the individual age groups shows 
that by far the greatest part of accidents among 
infants are due to suffocation. Only burns are of 
some importance among the other categories of 
accidents. The death rate from suffocation has 


been increasing during the years up to 1950, fol- 
lowed by a decrease. 


From accidents, war-accidents excluded 


Drowning is now the most important cause 
of death among the one year old children, 
whereas burns at the beginning of the period 
were of far greater importance, especially among 
the girls. Most drowning accidents in this age 
group are due to falls into smaller “bassins”. As 
would be expected, motor vehicle accidents have 
been increasing during the last decade. The 
majority of the one year old victims of these 
accidents have been passengers in motor vehicles. 
Deaths from suffocation, among the girls, have 
been at the same level as drowning during the 
last 5 years, but this cause was earlier of less 
importance in both sexes. Most deaths from falls, 
in this age group, are due to falls from windows 
and balconies. 

The accidents in the age group 2—4 years are 
more evenly distributed by external cause than 
in the younger age groups. Traffic accidents, dur- 
ing most of the period, have been the major cause, 
followed for boys by drowning, and for girls, by 
burns at the beginning of the period, and later 
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Fig 4: Average annual mortality rate per 


100,000 from drowning accidents Denmark 1931-55 
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Fig.6: Average annual mortality rate per 


100000 from talls. Denmark 1931-55 
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Fig.8: Average annual mortality rate per 100,000 from poisoning Denmark 1931-55 


on by drowning. The majority of traffic accidents 
in this age group are due to the lack of watchful- 
ness and knowledge of danger among these 
children. Drowning is most often due to falls 
into water. 

The two oldest groups of children, the 5—9 
gears and the 10—14 years old, are characterized 


in Table 7 by the same categories of accidents: 


traffic accidents, drowning and falls. There are, 
however, great differences between the nature of 
the accidents by which the two age groups are 
hit. The group: motor vehicle accidents, for the 
vounger age group, mainly consists of accidents 
of the same kind as for the 2—4 vear age group, 
whereas these accidents in the older age group 
more often occur to children on bieveles in 
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collision with motor vehicles. The mortality rate It has been estimated that 100 non-fatal acci- 
from motor vehicle accidents, as well as from dents occur for each fatal accident, and that 


other traffic accidents, is much higher for the 
age group 5-—9 vears than for the older children, 
the mortality for the latter now being at the same 


level as in 193135. This fact may be taken as 
evidence of the usefulness of the educational 
efforts that have been made in the schools in 
later vears, but it is also an encouragement to 


extend this education to the vounger age classes. 
The difference between the two age groups does 
also show up within drowning accidents. These 
occur among the older children mainly during 
bathing and ice-skating, and among the boys also 
bv drowning from punts and other small boats. 
The mortalitv rate from drowning for both age 
groups is much higher for boys than for girls. 
The only categorv of accidents except war- 
accidents which has not been specified within 
anv of the individual age groups, is poisoning. 
The reason is that the importance of this cause 
of death is too small to allow for a subdivision 
into age groups. As mav be seen from the bottom 
section of Table 7, the mortality rate from poison- 
ing has not at any time exceeded 1.5 per 100,000, 


all age groups combined. The mortality rate 
reaches its maximum in the age group 1—4 vears 


owing to the fact that small children get hold of 
drugs or bottles containing various kinds of 
poisonous fluids. 

In order to illustrate the trend in the im- 
portance of the different categories of accidents 
during the period 1931 shown 
in Figs. 3-9 representing the annual 
mortalitx 100,000 from for 
the individual age groups. 


55, graphs arc 
average 
each cause 


rates per 


DISCUSSION 
An evaluation of the frequency and nature of 
fatal accidents cannot, of course, give a complete 
picture of the impact of accidents on the general 
state of health, because of the exclusion of all 
accidents which do not lead to death, but per- 


haps to illness of shorter or longer duration, or 


to permanent disability. 


four of these lead to permanent invalidity (Car i- 
thers). 


An investigation of fatal accidents does not, 
therefore, form sufficient basis for decisions 


about prophvlactie measures, even if it gives us 
information about the nature of the most dan- 
gerous accidents which call for special attention. 

Investigations of the particulars of non-fatal 
accidents have not been made until recently on 
a larger scale in this country. A paper bv A m- 
mundsen & Jespersen reports on home 
accidents in Copenhagen in 1952. An investiga- 
tion based upon the casualty ward and out-patient 
department of Odense County & Citv Hospital 
has been published bv Jensenius. He found 
that within one vear 9.4 per cent of the boys 
under 14 vears of age and 5.4 per cent of the girls 
had been exposed to accidents. Compared with 


our figures for fatal accidents in the period 
195155, this gives a ratio of about 285 non- 


fatal accidents for each fatal one for boys, and 
335 for girls. Other rather comprehensive investi- 
gations are, however, being planned or are al- 
readv in operation. A number of papers have been 
published in other countries, and it been 
estimated, by the authors, that about 50 per cent 
of all accidents occur to onlv 20 per cent of the 
intensive discussion 


has 


victims. This has caused an 
of the so-called “accident-proneness”. 

It has also been shown that of the 
most exposed to accidents, a great number have 
vision- or hearing-defects. On the other hand, 
children with vision- and hearing-defects have a 
higher accident frequeney than normal children. 
Children who inferior in gvmnasties and 
needlework are also found to be accident-prone 
(Berfenstam). On the other hand, it should 
also be mentioned that children who are severely 
handicapped are more seldom exposed to acci- 
dents, probably because they are more attentive 
and more sheltered. 


children 


are 


In the cases where pliysical examination of the 
accident-prone children has shown no evidence 
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of organic disease, it has often been possible to 
reveal psychological factors of an unfortunate 
nature: unfavourable conditions in the school or 
at home, etc. It should finally be mentioned that 
the mental condition of the individual child is 
of great importance to the question of accident- 
proneness. 

A systematic prevention of accidents thus calls 
for cooperation between many authorities and 
organizations of various kinds, such as “Save the 
Child” and “Red Cross” the police and traffic 
authorities the medical profession 

insurance companies, etc. in order to co- 
ordinate the propaganda in the homes and schools 
and among the public at large. 

Information must be spread continuously 
through lectures, films, pamphlets, radio, kinder- 
gartens, housewives’ associations, etc. 

An example showing the effect of prevention 
through education is the decreasing number of 
drowning accidents within the age groups who 
benefit from swimming lessons (see Fig. 4). Also 
the lower mortality from traffic accidents among 
children in the age group 10—14 vears than in 
the lower age groups, as mentioned above, may 
be taken as evidence of the effect of traffic les- 
sons, given in the schools, but also indicates that 
this education is placed too late (Fig. 3). 

More than one half of all fatal accidents in 
childhood occur before the age of 5 vears. This 
means that preventive work can be brought into 
action in the voungest age groups with great bene- 
fit. The most important fatal accidents oecurring 
to those children are traffic accidents, burns, 
drowning, falls and poisonings. At this age, how- 
ever, prevention means protection, í. e., education 
of the parents. 

Investigators in Germany have been able to 
narrow down the age interval, in which the traf- 
fic risk is greatest, to 4—5 years and 12-—13 vears 
of age, i.e, respectively the ages at which children 
grow more independent and at which they start 
eveling. In England the most dangerous age for 
evelists is about 10 vears, and in this country 
probably still lower. 

Traffic accidents, and among these especially 
motor vehicle accidents, have attracted a great 
deal of attention during the current discussion, 
but prevention should not be based on these 
accidents alone. About one half of all accidents 
occur in the home, and poisonings are here of 
major importance. A good preventive measure, 
probably, would be a clear warning on the con- 
tainers, stating the name of the poisonous sub- 
stance, and possibly also the proper antidote. 
This would make treatment easier and more suc- 
cessful. 

It is not the purpose of this paper to enlarge 
upon the details of accident prevention, but we 
want to stress the point made by Jacobziner, 
namely, that by far the greater part of all acci- 
dents are preventable because they are more often 


schools 


due to lack of knowledge than to carelessness. 
He emphasizes the role of the family doetor who 
during his home visits has a chance to warn 
against the dangers in the homes. 

The British and American literature is rich 
in descriptions of methods for prevention of acci- 
dents, and the campaign against accidents and 
not only traffic accidents is in many places 
considered of paramount importance within the 
prevention of illness (11, 19, 20, 22). 

This problem must be approached bv epi- 
demiological methods, and extensive investiga- 
tions are still necessary. 

Helen Roberts in 1952 stated that just as, 
a couple of centuries ago, lack of knowledge 
about the cause led physicians to ascribe diseases 
to demons, do we nowadavs blame bad luck or 
coincidence for accidents, and that accidents 
have specific causes, just as the case is with 
infectious diseases. 

These words may stand as a motto for investiga- 
tions of this kind. 


SUMMARY 

A survey is given of the development within 
the mortality rates for children below 15 vears 
of age during the first half of this century in 
Denmark and other countries, and attention is 
drawn to the rapidly growing importance of acci- 
dents as a cause of death in childhood. 

A total of 6,844 deaths, representing all acciden- 
tal deaths among children in Denmark during the 
period 1931—55, have been investigated as to age- 
sex distribution and the external cause of death. 
The rise in the relative importance of accidents, 
and especially traffic accidents, is shown in 
Tables 5 and 6, whereas Table 7 and Fig. 2 show 
that accident mortality is now on about the same 
level as in 193135. An analysis has been made 
on the basis of Table 7 of the characteristic 
features of each age-sex group as to the most 
important accidents, and the circumstances un- 
der which they occur. 

It is emphasized that an evaluation of the in- 
fluence of accidents on the state of health should 
not be based on fatal accidents alone, and a 
number of reports from other countries on non- 
fatal accidents are quoted. The usefulness of 
education in prevention is proved by examples 
from the present investigation (swimming- and 
traffic lessons at schools), and the importance 
of an epidemiological approach to the problem of 
accident prevention is stressed. 
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A STATISTICAL ANALYSIS OF ACCIDENTS 


ANNOTATION 


By HANS JENSENIUS 


Odense Hospital (Funen) receives patients from 
the City and County of Odense, which has a 
population of nearly 200,000 (194,420), í. e., about 
4 per cent of the total population in Denmark. 
Of this figure, the rural population represents 
31 per cent or almost the same ratio as the rural 
to the total population of the whole country (32.7 
per cent). Nearly all victims of accidents in the 
City of Odense applving for medical aid come 
to the casualty ward of Odense Hospital. In the 
County a certain proportion of the victims of 
minor accidents are treated by the general prac- 
titioners, and this proportion increases with the 
distance from the hospital. However, all individ- 
uals receiving injuries of such a severity that 
hospitalization is necessary are taken to Odense 
Hospital, whether they live in the rural or urban 
district. An analysis of all the accidents treated 
in this hospital, whether in the casualty ward or 
after admission, will therefore give a fairly reli- 
able picture of the frequency and distribution of 
the accidents occurring in the whole country. The 
statistical analysis of accidents presented here is 
based on day-to-day information collected during 
one year in close relation to the first treatment 
of those injured. The evaluation of the case ma- 
terial was made with assistance from the Statis- 
tical Department of Copenhagen. 


MATERIAL 
During the year from April 1, 1954, to March 
31, 1955, a total number of 12,745 persons injured 
by accidents were treated in this hospital, i.e, 
6.5 per cent of the population of the district. In 
about one third of these, only one treatment was 





From the Department of Surgery A (Head: Hans Jen- 
senius), Odense County and City Hospital, Denmark. 


required, whereas the remaining two thirds — 
67.5 per cent — had to be given further treat- 
ment, including 13 per cent admitted to hospital. 
Sixtv-seven deaths (0.53 per cent) occurred. — 
Of the patients, 69 per cent were men and 31 per 
cent women, representing 9 and 4 per cent, re- 
spectively, of the total male and female popu- 
lation of the district. When children under 15 
vears of age were classified separately, the distri- 
bution was 50 per cent men, 20 per cent women, 
and 30 per cent children. 

The age distribution of the two sexes expressed 
as percentages of the age groups of the popu- 
lation appears from Figure 1. It is seen that a 
male preponderance was present in all age groups 
except the highest ones, and that this preponder- 
ance reached a maximum in the age group from 
15 to 19 years. From this maximum the accident 
frequency for men decreased throughout the age 
groups, whereas the frequency for women showed 
a small increase after the age of 45 vears. 

The duration of treatment was more than one 
week for one third of the injured individuals, 
i.e, 2.2 percent of the population. The total du- 
ration of treatment was approximately 125,000 
days or about 350 years. In other words, about 
350 persons, i.e, 0.18 per cent of the total popu- 
lation, are at any time under treatment for acci- 
dental injuries. The number of persons incapaci- 
tated by accidents is not identical with the figure 
just mentioned, but must be estimated to be of 
the same order of magnitude. In the evaluation 
of the social significance of the accidents, per- 
manent disability and deaths should also be con- 
sidered. 


Hospitalization. — Of the injured, 1,618 were 
admitted to hospital, the total number of hospital 
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days being 26,330, i.e, 30 per cent of the total 
of hospital days of the departments of surgery. 





p Age distribution in per cent of population 
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han Distribution over 24 hours — relation to work 
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Time distribution of the accidents. — The 24- 


hour distribution appears from the upper curve 
in Figure 2. The distribution over the week shows 
almost equal figures for each of the six weekdays, 
with a maximum on Fridays and a minimum on 
Wednesdays; the figures for Sundays are about 
two thirds of the average for weekdays. The distri- 
bution over the year shows pronounced seasonal 
fluctuations, the figures for the months from May 
to October being essentially higher than those 
for the months from December to March. June had 
a maximum of 42.4 accidents in 24 hours, Febru- 
ary a minimum of 27.9 in 24 hours. 

The nature of the injuries was classified ac- 
cording to the “International Statistical Classi- 
fication of Diseases, Injuries and Causes of Death” 
(N-Code). The injuries were divided into five 
main groups according to the injured region of 
the body. The frequency distribution of the ac- 
cidents was as follows. Head and neck, 29.9 per 
cent; arm, 13.3 per cent; hand, 29.1 per cent; 


leg, 22.3 per cent; trunk, 3.7 per cent; (combined 
and no information, 1.9 per cent). The male pre- 
ponderance was highest for injuries to the head 
and hand and lowest for injuries to the arm. 
Lesions with fractures or dislocations represented 
58 per cent of the arm injuries and 31 per cent 
of the leg injuries. The 67 deaths were distributed 
as follows: Head, 30; arm, 4; hand, 0; leg, 11; 
trunk, 5; combined and no information, 17. — 

A comparison of the nature of the injury and 
the duration of treatment showed that the dis- 
tribution of cases treated for more than one month 
was: Head and neck, 3.3 per cent; arm, 31.8 per 
cent; hand, 20.6 per cent; leg, 40.9 per cent; 
trunk, 2.9 per cent. Thus, this distribution differed 
from that of the total case material in that the 
proportion of head injuries was essentially lower, 
while those of arm and leg injuries were some- 
what higher. The duration of treatment for all 
forms of fractures was also analyzed. — With 
regard to the age distribution it may be noticed 
that head injuries showed a maximum for the 
age group 0 to 4 vears in which more than half 
of the lesions were head injuries; fractures of 
the arm showed a maximum at the age from 5 
to 9 vears, fractures of the leg from 10 to 19 
vears, and lesions of the hand from 15 to 19 
years. 

Place of accident. A list comprising about 100 
items divided into six main groups was drawn 
up for the purpose of the present analysis. The 
distribution according to the six main groups of 
places of accidents was as follows: 1. Workshops 
and factories, 24.6 per cent; II. Farms, fields and 
forests, 3.9 per cent; III. Offices, shops and pre- 
mises, 6.0 per cent; IV. Fields of traffic, 27.5 per 
cent; V. Homes, 27.4 per cent; VI. Sports and rec- 
reation, 8.5 per cent; (No information, 2.1 per 
cent). However, this distribution is influenced 
by the aforementioned fact that nearly all vic- 
tims of accidents from the urban district are 
taken to the hospital, whereas many minor acci- 
dents occurring in the rural districts are treated 
by a general practitioner. The distribution of 
patients admitted to hospital within the six main 
groups differs essentially from the figures just 
stated: TI. 11.1 per cent; II. 6.5 per cent; III. 3.3 
per cent; IV. 44.8 per cent; V. 23.4 per cent; 
VI. 6.1 per cent. Here, Groups I and II have con- 
verged considerably, while Group IV has in- 
creased to nearly one half of all hospital ad- 
missions; this group (fields of traffic) also com- 
prised 40 of the 67 deaths. — Each of the six 
main groups was analyzed with regard to age and 
time distribution. In fields of traffic, 30 per cent 
of the injured were under 15 vears of age; in 
home accidents even 45 per cent were under that 
age. In the 24-hour curve, workshops and fac- 
tories had maxima from 10 to 11 a.m. and from 
2 to 4 p.m., fields of traffic from 4 to 5 p.m., 
and homes from 4 to 7 p.m. In the distribution 
over the year all these three groups showed pro- 
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nouneced seasonal variations; the figures for fields 
of traffic and homes were roughlv parallel and 
high from Mav to August; the figures for work- 
shops and factories remained high until October. 

The distribution according to the nature of 
the injuries was also analvzed separatelv for each 
group; the figures arrived at showed wide vari- 
ations. Hand lesions represented the largest group 
in workshops and factories and in offices, shops 
and premises; leg lesions in farms, fields and 
forests and in sports and recreation; head in- 
juries in fields of traffic and in homes. The dis- 
tribution of the various forms of fractures was 
also ascertained. 

The causes of accidents were divided into nine 
main groups, such as “machinery”, “vehicles”, 
“falls from a height”, etc., each with several sub- 
groups. Here it should be noted that falls from 
a height or falls on the ground represented 20 per 
cent of the entire case material, about 38 per cent 
of the cases with a duration of treatment of more 
than a fortnight, and 37 per cent of the deaths. 

- As to the nature of the injury within the classi- 
fication according to causes, it is seen that hand 
lesions represented 80 per cent of the groups 
“tools” and “machinery”, but only 10 per cent 
of the accidents caused by vehicles, whereas 35 
per cent of these were head injuries and 27 per 
cent were leg injuries. Of the fractures, 23 per 
cent were due to vehicles and 40 per cent to falls 
on the ground or from a height. Two thirds of 
the skull fractures occurred in traffic accidents. 
A number of individual causes of accident were 
analyzed. Thus, circular saws were responsible 
for 43 accidents, electric wringers for 47, ball 
games for 310, etc. 

Work accidents. — Of the total number af acci- 
dents, 40.4 per cent occurred during the execution 
of work, but these accidents represented only 36.5 
per cent of cases which required further treat- 
ment and 24.3 per cent of cases which required 
hospitalization. In the age groups from 15 to 65 
vears, these percentage were obviously higher. 
Thus, of the cases in these age groups which re- 
quired further treatment, 54.4 per cent occurred 
during work, or 60.5 per cent of men and 39.4 
per cent of women. — The 24-hour distribution 
showed maxima from 10 to 11 a.m. and from 
3 to 4 p.m. (Fig. 2), i.e, towards the end of the 
working hours. Among the work accidents, hand 
lesions represented a larger and arm lesions a 
smaller proportion than among accidents outside 
working hours; 41.7 per cent of the work acci- 
dents were hand lesions. — Information as to the 
duration of the job at the time when the accident 
occurred suggests that a higher risk is present 
during the initial period of a new job. The case 
material was also classified according to occupa- 
tions, and the risk involved in the various occu- 
pations was evaluated. 

Traffic accidents. As to the age and time 
distribution the reader is referred to the section 


on places of accidents. However, manv of the 
accidents within the fields of traffic were not 
actual traffic accidents. Of the 3,501 accidents 
classified under “fields of traffic”, onlv slightly 
more than one half — 1,857 were due to ve- 
hicles. Thus, actual traffic accidents represented 
14.6 per cent of the entire case material, 17.2 per 
cent of the cases requiring further treatment and 
35.6 per cent of the cases requiring hospitaliza- 
tion. Traffic accidents accounted for 10.9 per 
cent of all the hospital davs in the departments 
of surgerv and were responsible for 32 of the 67 
deaths which occurred in the series. This gives 
a mortalitv rate of 16.5 per 100,000 inhabitants 
in the district. — The distribution of the acci- 
dents according to the various categories of road 
users was as follows: Cyclists, 55 per cent; motor 
cyclists, 17 per cent; pedestrians, 11 per cent; 
motorists, 8 per cent; moped ecyclists, 8 per cent; 
the figures show a preponderance of eyclists, 
which is a feature characteristic of Denmark. 
Motor cars were “the other party” in slightly 
more than one half of the accidents in which 
collisions occurred. The nature of injury classi- 
fied both according to regions of the body and 
forms of fracture was analyzed both for the total 
number of traffic accidents and for the individual 
categories of road users. The distribution of all 
the traffic accidents was as follows: Head, 37 per 
cent; leg, 29 per cent; arm, 17 per cent; hand, 
11 per cent; trunk, 5 per cent. 


Home accidents represented 27.4 per cent of 
the total case material, 28.9 per cent of the cases 
requiring further treatment, and 23.5 per cent of 


the cases requiring hospitalization; (cases of 
poisoning were excluded from the study). Of all 
the victims of home accidents, 22.6 per cent were 
children under 5 vears and 45.7 per cent children 
under 15 years. The 24-hour distribution showed 
a maximum from 4 to 7 p.m.…, and the number of 
accidents was essentially higher during summer 
than during winter. Head and hand lesions showed 
the highest frequencies, each accounting for about 
one third of the cases. The case material was 
classified according to the rooms of the home in 
which the accidents occurred and according to 
causes. Falls on the ground or from a height ac- 
counted for 35.6 per cent of the home accidents, 
and 48.9 per cent of these types of accidents oc- 
curred in homes. 
It must be emphasized that the importance of 

home accidents is usually underestimated; that 
the efforts made to prevent such accidents are 
very slight as compared with the measures taken 
to prevent work and traffic accidents; and that 
such efforts should especially be directed towards 

the prevention of falls in the homes. 


Reference: 

A detailed account of the material has been given ® 
in Danish in Bibliotek for Lager 1957, 149: 1—85. 
Table texts are both in Danish and English. 
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